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/r.— 77 /ff Hot Winds of Northern hdia^ hy J. EttOT, M.A.^ F.R.S., Meteorological 
Reporter to the Gffoernmenf of Indian 

The subject of the hot ^vinds of the Gangetic Plain of Northern India has been 
discussed by the late Messrs. Blanford and HU! and by Mr. F. Chambers. 

Mr, Blanford first considered them to be due to what he termed " elastic expansion/' 
following up a suggestion of Professor Laughton in his work entitled " Physical Geo* 
graphy ifl its reJatioB to (be prevailing winds and currents, " but aftem’ards adopted a* 
theory similar to tliat suggested by Mr. Hill (in Itts paper* on “Some anomalies in the winds 
of Northern India and their relation to the distribution of barometric pressure”) utc.:— 
that hey are due to rapid convective actions in the hot weather, by which the slow 
moving masses of air near the earth surface arc carried upwards and replaced by more 
rapid-moving masses of air from above. This explanation was first suggested in a paper 
of Koppen's in the Metcorologische ZeifschrifU Hill concluded from an examination 
of the charts giving mean pressure, &c., and also from the daily weather data published 
in the India Daily 'Weather Reports, that these winds were characterized by several note- 
worthy features which appeared to be opposed to the ordinary relations that subsist 
between mr movement in the horizontal (fircction and the accompanying pressure 
gradients. 

The following is a summary of Hill’s views given, so far as possible, in his own words. 
He slates.— 

The direction of the wind in the hot season in the plains of Northern 
India has often no relation to the baric gradients \ instances not infrequently 
occurring in which the wind appears to blow in direct opposition to the 
gradient, r.e., from a place of low pressure to one where the barometer 
stands higher.” 

Second,-^'* Over the plains of Northern India the velocity of the wind in the hot 
season has usually little or no apparent relation to the pressure gradient, but 
a very obvious one to the temperature, being, on the whole, greatest when 
the temperature is highest.” 

He further says : " These westerly winds of Ihc hot weather are so dry perhaps because 
they descend from regions where the proportion of water vapour in the air is normally 
much less than that at sea-level. The diurnal interchange between the lower atmospheric 
strata and those lying considerably higher was first suggested by Dr. Kdppen to explai 
certain daily inequalities of wind direction and velocity~-incquar)ties which are opposite 
in phase over plains and on high mountain peaks. This diurnal interchange probably 
suffices to clear up all the anomalies observed in the wind system of India. The explana- 
tion of the dryness of these winds by the descent of air from a higher stratum was pre- 
^ously suggested by Muhry in a passage quoted by Blanford at page 614 of his paper 
on the ” Winds of Northern India,” but this was under the mistaken notion of an aGria! 
cascade pouring over the edge of the Himalayas from the elevated plains of Thibet, a 
notion which is quite inconsistent with the facts of observation.” 

*Philosophical Transactions o( tlic Ro;al Society erf Ixnnlon, Vol. 178 (1887), A, pp. 33 S' 378 < 
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Hill based his statements of the peculiar pressure relations accompanying the hot 
winds, not merely on mean monthly pressure data, but also on the actual pressure distri- 
bution of single days, as shown by the daily weather reports and charts, which, as he says, 
" leave no room for doubt that almost every year there are several days in April, May and 
June when the facie impossible conditions {vie,, that the winds blow directly against 
the baric gradients) obtain over a large extent of country in Northern India,” 

He also states that an examination of the diurnal variations of humidity and cloud 
naturally suggests the idea of an interchange between the upper and lower strata by local 
convection currents. 

Although I am not prepared to assert that the large convective movements of the hot 
weather do not contribute in the manner indicated by Messrs. Blanford and Hill to the 
day movement in the Gangetic Plain, the explanation that it is the primary or only cause 
has not appeared to me either satisfactory or sufficient. 

In the first place Hill's statement assumes that the pressure relations indicated by the 
8 A.M. or 10 A.M. dmly weather charts are practically based on simultaneous observations 
and give the gradients which subsist at a definite instant of time.* In the second place, it 
assumes, as an explanation, actions (t.e., convective movements due to large and rapid 
temperature changes during the day) which are not restricted to the hot weather, but which 
are probably exhibited to some extent at least in the cold weather months as well as in the 
hot weather. There are other minor difficulties in the explanation, in addition to the fol- 
owing important theoretical difficulty. These winds are weakest, as far as my experience 
indicates, in the western districts of the Gangetic Plain, and strongest in the eastern 
districts, and hence increase in intensity in the horizontal direction. If this air movement 
were due solely to the cause assigned by Hill, then the velocity should either apparently 
be fairly uniform over the whole area, or the descending air masses should come from 
very different elevations in the different parts of the Gangetic Plain, of which there 
is no suggestion in Hill’s paper, and for which it would be very difficult to assign an 
adequate cause* 

The following is a brief statement of the chief features of the air movement in th& 
Gangetic Plain in the hot weather months of March, April and May r— 

^ The air movement- in the hot weather is usually feeble during the night hours and 
varies very little from 6 or 7 P. M. up to 8 A. M. It then increases rapidly up to about 
] or a p. M., and occasionally, when conditions are most favourable, blows almost with the 
force of a gale during the next two or three hours, after which it falls off again very rapid- 
ly until 6 or 7 P.M., when the wind is light and nearly calm. 

These winds, it may be noted, blow from directions between west and north-west, and 
there is little shift of direction during the day hours. * 

The most characteristic features of the hot winds, i.e., of the westerly winds of the. 
M weather season m Northern India, are their intense dryness and excess^ temperainre. 
These are chiefly a product of the pneral meteorological conditions of the period^ 

The humidity occasionafly falls to as low as 2 or 3 per cent, from noon to 4 P.M on 
the days when thebot winds are most vigorous. The maximum temperlre' Tn T 
Gangetic Plain on the days when they blow most strongly range usually bLeen roi" and 

may _ ^ urther noted tlmtth ^, clouds of dust w ith which the whole 
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ower atmosphere becomes surcharged] and which ^ve a peculiar reddish yellow glare 
0 the sunlight, more especially in the afternoon hours. 

The piecedlng has given a brief sketch of the chief {eatntes of the hot winds in 
heir most marked form. The hot winds of the Gangetic Plain have been too frequently 
reated as forming a unique system. We first propose to show that in aff their more 
mportant features they are practically identical in character with the winds of the cold 
veather months in Northern India and are, in fact, their continuation, their increasing 
Iryness and higher temperature in March, April and May being due to the climatic con- 
litions of the period. ' 

The air movement in the Gangetic Plain in December, January and February forms 
in integral part of the cold weather or ordinary north-east monsoon circulation in 
Southern Asia and the adjacent seas, and is most strongly developed in the month of 
January when the gradients for the prevalence of winds of continental origin in Southern 
^sia and the Indian seas are strongest, and hence, in this paper, the winds of January are 
aken as the type of the cold weather rirculation. 

The most remarkable feature of the hot winds is {'oide HiU^s paper) that, judging 
rora the mean pressure distribution of the period, they prevail during a period of 
ety slight gradients (in fact of almost utuform presBute) in the Gangetic Plain, These 
eatures, as will be shown below, obtain on the mean of the whole month most markedly in 
Vpril and May, and hence these two months are selected in this memoir as the periods most 
epresentative of the pressure conditions accompanying the hot winds of Northern India. 

The following table gives mean 8 A.M. pressures for the months of March, April and 
^ay at stations in the Indo-Gangetic Plain 


Table 1 . 


Statioti. 

MUHC A.M. (bCCAb tlHS) rUtKIiU MPVCVP 
tDtiM.t'rSLANvCOMTAX? OMTItT AT 

UT, MPHniO? 


A^tlU 

K» 7 . 









• 

* 

» 

lishore « 









89^744 

29*609 

Sirsa • 








-SpS 

74 * 

'605 

Delhi 








*892 

•740 

•617 

Roorkee . 








•B90 

739 

•62B 

Meerut 








*881 

733 

■6t8 

Lucknow - 



- 





•878 

737 

•636 

Allahabad 








'$BZ 

74 ' 


Sutna . 








’900 

750 

*620 

Besares « 








•878 

■738 

'636 

Patna » 








■S 7 S 

743 

■638 

pumea 








•864 

754 

•690 

Haxfahagh 








•878 

744 

•6m 

Sambalput 








•861 

745 

'64a 


y a 
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The data o£ the preceding table indicate that the mean 8 A.M. (local time) pressure is 
in March about "03' higher in the Punjab than it is in Chota Nagpur and Bihar, and that ' 
in May it is about ‘04" lower in the Punjab than in Bihar. The data hence suggest that 
there are feeble gradients for westerly winds in March and feeble gradients for easterly winds 
in May. The mean 8 A.M. pressure values in the intermediate month of April are almost 
identical in amount for all the stations for which data are given, thus indicating that the 
mean pressure gradients for the month in the direction of the Gangetic Plain (f.e., in either 
a westerly or easterly direction) are practically ml. 

The following table gives corresponding data (talcen from the Report on the Meteoro- 
logy of India for the year 1890) of the mean daily pressure at 13 stations in Northern 
India for these months as determined from the 10 and 16 hours' observations 



The mean pressure values for these months given in .Table II indicate that in March 
there are moderate gradients for westerly winds in the Gangetic Plain, and in April feeble 
gradients, whereas in May pressure is approximately uniform, but varies somewhat irrem, 
lady from absolute uniformity in different parts of the Indo-Gangetic Plain * 

The data of this table hence show Ast the mean daily pressure for the month of 
May IS almost as uniform as the 8 A. M. (local time) pressure of April over the 

M., It Ml.,. ,1., ate 4, „.,i, ,1 * 

St ZteS'"”" “» 

The following table gives the differences of pressure or total harnm.te' j- 
different parts of the Gangetic Plain during the months of March, April and MaJ. firirfs 
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determined from the S A. M. mean pressure data, and secondly as derived from the mean 
daily pressure data for these months t — 

Tadle III 



Mcrtv. 

Total iuig e«ABiiiir, 

Altatikbad 

rAlsa 

biDmllei ) 

DeRil 

t» 

AtUharild. 
(SiotnnM ) 

Lobwe 

DelSl. 

(tye oiBmO 

Lahore 

lo 

rated. 

(Soomllct) 




• 


HpH 




Match • . . a 

+•007 

+•010 



$ A.M. locat tiire . . . 


Apnl «... 

—•002 

— 





Maj , . » » 

—•024 

—•017 


^056 



March . » . . 

+•006 

+ 013 



Mean of ..as 


April . • a a 

—•004 

+*013 

+'o!6 

+•025 


. 

Maj . * a • 

—•050 

—*004 

—■003 

-027 


The table shous that the gradients arc \ cry small in amount, and that they differ 
considerably according to the lao methods of their computation. 


In the remainder of the paper nc shall give data chiefly for April, selecting it as, on 
the aholc, most rcprcscntalhe of the hot weather conditions in the Gangetic Plain (r.c., 
the South-East Punjab, North-Western Protinces and Bihar). 

We now proceed to determine the chief features of the mean air movement in the 
Gangetic Plain and Northern India generally during the cold neathcr and hot nealher 
seasons. 

In Table IV .arc given data of the mean air movement, as registered by Robinson 
anemometers for the months ot January to May, for 19 stations in Northern India, at 
which the esposureof the anemometers is most satisfactorj- and the obsertations have 
been most carefully taken. 


TAntE detly mex-emenf ef the monthe 9/ Janvttry to hfay at to stations. 
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Table IV .— daily air movement of the months of January to May at ig stations — concld. 




MllH DlllT AIR HQTIU IHT IH UlEli, | 

Aria. 

StaHati. 

Jrrbux. 

FelirBai}. 

Match. 

April. 

Mbt. 

r 

Dhubri . . • 

93 

95 

151 

192 

■ 168 

Assam . . • . < 






i 

Slbsagar ... 

43 

5* 

. 66 

G 7 

66 

( 

Jeypore 

91 

m 

128 

<33 . 

<59 

RAJf OTAVA AHD CbHTRAL J 
INDIAs 1 

Sutna .... 

xoo 

116 

>37 

168 

198 

( 

Raipur . . • . 

G? 

93 

iiB 

ISO 

190 

Chota Naofur . 

Hazaribagh , 

118 

156 

178 

2 DI 

210 


The anemometric returns for these stations show that over the Indo-Gangetic Plain . 
and the interior of Bengal the air movement in January ranges between 2 and 4 miles per 
hour, and increas'es at all stations during the next three or four months to the maximum 
movement of the year, which occurs either in April or May in the Gangetio Plain. The 
mean velocity data in Table IV are taken from Table XXI of the Annual Report for 
1890, or Table IX, Appendix of the Annual Report for 1886. 

In the following table the preceding data are given in a form which shows more 
clearly the gradual increase of velocity during the whole period. In order to eliminate 
differences of exposure, the velocity of January is assumed as the unit for each station, and 
the velocity of the air movement in other months is expressed as the ratio of the move- 
ment, of the month to that of January. 


Table V.— Ratio of wind velocity in each of the months Feiruary to May to that of January. 
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Tadls V .*— of xBtnd vthtity in each of the months February to May to that of fanuary^ 

eoncld. 


Att.. 

STATlftir. 


PcHvaijr. 

Mattb. 

AptB. 

May. 


Dhbhri . . 



■Q 


Assim 





SibsagAr . . • 

V» 

i*S 



RAjruTAVA ASD Central 1 >.dia \ 

Jeyporc ... 


>•* 

■9 

H9 


1 

SulBA .... 

ra 

1** 




Jubbulpere , . 

'■= 

»*4 

1*6 

Hi 

Prpvisces. J 


i*a 

fS 

17 


' 

Sambalpur . • . 

in 

»*3 

17 

2*0 


The preceding data show clearly that there is a fairly regular increase of velocity 
from January to April and May and which, as remarked by Hill, corresponds to the in> 
creasing intensity of the thermal conditions in Northern India during the period. This 
increase is not uniform over the ivholc of the Gangctic Plain. It is greatest in West 
Bengal, Bihar and the eastern districts of the North-Western Pronnccs. The results, 
it may be pointed out, arc quite consistent, and indicate clearly that the central 
area of the greatest increase of velocity due to the increasing heat of Northern India 
during the period is Bihar and West Bengal. 

One of the most noteworthy features of the air movement in the Gangctic Plain is the 
large diurnal variation throughout the whole of the cold and hot weather. The hourly 
obser>’at1ons taken at Calcutta, Hazaribagh, Patna, Lucknow', Agra, Roorkee and Lahore 
enable a comparison of thc^diumal variation of the .’lir movement to be made for these 
stations for the months of January and April, in the following two tables arc given data 
of the mean hourly air movement during the mean day of the month of January and of 
April for these seven stations 


TadlC the mean hourly movemeitt in the month of yanuary at seven stations in 

Northern India, 


llctt. 

IBB 

tUrantraiti. 

r*»». 


Apft. 

RmIck. 

Laheic. 

t>to 1 






17 

mjSM 

Mitr**. 

17 

MllCA. 

rj 

MitM. 

3*1 

Miles. 

0*9 


t .. S 






»7 


17 

2*4 

3*1 

ro 

B9 

a 3 






1*5 


17 

=•3 

3*0 

0*9 

0*8 

3m 4 






1-6 

^^9 

ro 

rs 

3-1 

1*0 

0*8 

4 •• 5 






■I 

3*3 

2*0 

8*4 

3*1 

I'O 

0*9 

5.. 6 







37 

2*0 

87 

3*1 

1*0 


e M 7 







y4 

a'o 

2*2 

■1 

1*0 


7 , S 






H 

3*S 

ro 

2*1 

H 

0*9 

H 

fi 9 






B9 

S’* 

»'9 

2*3 

3 . 

1*0 


9 M ID 






3*5 

7*0 

2*8 

2*9 


1*3 

2*3 

to N 11 

• 





4‘i 

S-3 

2*9 

3‘8 

H 

3*1 

2*4 
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Table YL^S/towing ihe mean hourly movement in ihe month of January at seven stations in 
Northern India — conclcL 
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Table Vn , — At ean hetnty movtnent t» tke month of Afirit at scvon stations tu Northern Indta 

— concluded 


IIhr. 

Oleclti. 

tlnnrniaigb. 

P&tu. 

Locknat* 

Api. 

Rootfcce 

Lakne, 

14 

to 

ts • . . 

Miles 

95 

Miles. 

13*7 

Miles 

y6 

Miles 

9*5 

Miles 

91 

Mites 

&3 

B 

IS 

»* 

t6 • • • 

9*9 

134 

S'® 

9*6 

■9 

frs 


16 

- 

17 • • • 

10*3 

u*7 

so 

3s 

Bl 

m 

99 

*7 


tS • . . 

y4 

107 

5*0 

«-s 

wsm 

^B 


18 


19 ... 

9'4 

«■< 

3*4 

48 

43 



19 

•• 

"0 ... 

9*2 

47 

3*4 

4-0 

43 



SO 


at ... 

mm 

43 

3*4 


4*4 

3*0 


3t 


aa ... 

Bi 

s-6 


M 

3*6 

99 

Bl 

ss 

- 

33 ... 

n 

5*9 

Bi 

37 

tS 

B 

Bl 

23 



6*5 

S-S 

M 

4*1 

3*7 

B 

B 

Mean hocr’j vt'ocilj • . . 

D 

S5 

41 

57 

5*3 

3*0 

38 

during • • 

4-7 

47 

3*8 

36 

Bl 

0-9 

mm 

Masicianx‘e!oei> during da; . 

10*3 

137 

S6 

9-6 

■9 

6s 

B 

Fniioci to r 

env 

sa 

s-9 

3*0 

s7 

B 

72 



The preceding diita for January and April arc plotted in Plate XXVI. The curves 
in that plate show at a glance the chief features of the diurnal v.ariation of the air move- 
ment nt the set cn station'. 

The data of Tables Vf and Vfl, it should be staled, arc not strictly comparable. In 
the ease of Calcutta, Haaaribagh and LucKnow the mean hourly velocities arc the actual 
mc.an 5 of a series of hourly observations, but in the ease of the remaining stations the 
hourly me.ans arc the results of intcrpohation applied to the means of observations t-ahen 
at four hourly intervals, beginning at midnight. 

Table VI indicates that the diurnal air movement in the Gangelic Plain in the cold 
weather season (represented by the month of January), has a marked periodicit). The 
following giv'cs the chief features— 

ft) The air movement is almost uniform during the night period from 6 or 7 p.M. 
toyorSA.'t. There is a very slight tendency for the lonest velocities 
to occur at the beginning and end of this period e.g,, at about 7 P.M. 
and 7 A M. 

(a) The air movement increases very rapidly in intensity from 8 A.M. to noon, and 
is thence nearly constant until about 3 P.M. 

(3) The .ilr movement decreases rapidly from 3 P.M. to 7 P.M. 

The folloning arc the chief features of the diurnal variation of the air movement in 
the G.angctic Plain in April 

(■) The air movement is almost constant in amount from 9 P.M. to 7 A.M 

VOL. VI. i 
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(2) It increases rapidly in velocity from 9 AM., until noon or I P.M. and attains 

its maximum between a P.M. and 4 p.m. 

(3) It decreases rapidly from 4 P.M. to 7 P.M. 

The following tables (VIII) and (IX) give the ratio of the actual air movement during 
each hour of the mean day in January and April to the mean hourly movement of these 
months. This eliminates to a large extent the differences of exposure of the instruments 
at the diHerent stations, and shows the general eharacter of the diurnal variation more 
clearly than the data of Tables VI and VII, The chief feature brought out by this mode 
of the presentation of the data is that the diiimal variation is more marked at the western 
than at the eastern stations in the Gangedc Plain. 1 
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The ratios given in the twq preceding tables (VIII and IX) indicate clearly that the 
mean diurnal variation of the air movement is as marked in the cold weather as in the 
hot weather season, and that it is somewhat more strongly pronounced at the western than 


the eastern stations ol the Gangetic Plain. 
VOL. VI. 
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The preceding data establish that the ratios expressing the relative increase of the 
air movement from January to April are practically the same for stations in the Gangetie 
Plain (except Bihar) and Chota Nagpur, and average i"j. The ratios are larger for 
Calcutta and Patna, thus Indicating what is confirmed by an examination of the data of a 
large number of stations that the increase in the air movement is greatest in Bengal 
(averaging 3'o). The corresponding ratio for the Bihar stations is S‘4. 

The following table gives the ratio of the maximum to the minimum velocity of the air 
movement during the mean days of the months of January and April for the eight stations 
of the preceding table : — 



The mean direction of the air movement (as determined from daily observations 
at to A.M. and 4 P.M.) is almost identical in every pact of the Gangetie Plain in April 
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with that which obtains in January. The following gives data for a series of stations 
establishing this fact : — 

Table X. 


Statiok, 

^ MUH WIHB siaicTioii. 


A. 

'April, 

B. 

Gaya 




N&k* W 

M 6 s»W 

+a 

Hazaribagh 




N 6 a»W 

N 74 * W 

+ia 

Patna . 





Nst'W 

—45 

Benares . 




N 78 *WI 

N 8 e.«W 

+* 

Allahabad 




N34.®W 

N S»®W 

+18 

Lncknow 





Nsj“W 


Agra 




N64*W 

N 84 “ W 


Bareilly « 




N55«W 

N57“W 


Delhi 




N77‘W 

N W 


Meerut • 




N49«W 

Nsf W 


Roorhee • 




N 7 a*W 

N 


Ludhiana 




N 56 “W 

N55»W 


Lahore . 




KaS“W 


— 


Omitting Patna, the mean difference irrespective of sign is only }°, and if sign be 
taken into account, it is only 4°. It is hence evident that the air movement in the 
Gangetic Plain is almost identical in direction in the month of April (representative of 
the hot weather) and the month of January (typical of the cold weather). 

The preceding discussion hence establishes the following tj- 
firs(. — The air movement in the Gangetic Plain during the hot and cold weather 
months, and more especially from January to April or May, is unchanged in 
direction, and is an outflow from the interior of Northern India to the 
' ‘ neighbouring seas, the direction of which is mainly determined by the lie 
of the river plain in which it occurs. 

Second , — ^The air movement increases in intensity from January to April or May. 
The increase relatively to the actual movement in January is greatest in 
Bengal and Bihar (including the Sonthal Parganas). 

Third . — The most important feature of the air movementis the d/urnal variation 
which is however, relarively to the mean movement, probably not much more 
' pronounced than at stations ra the Peninsula or Central India. The 
diurnal variation of the air movement is even more marked in amount 
relative to the mean of the day in January than in April, but is less in 
absolute amount on the average in the cold than in the hot weather. 

The following is a brief statement of the mote important facts relating to the mean 
temperature and humidity conditions in Northern India, which it is desirable to bear in 
, mind in considering any theory of the hot weather winds in the Gangetic Plain. 
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The temperature conditions are singularly regular in India. The absolute actual 
maximum temperature is usually recorded in the same area year after year, and usually 
ranges between 121° and 123° and is in three years out of four registered in the last week 
of May. The mean temperature data show even greater regularity. For example, the 
mean maximum temperature of the year occurs over the whole of Northern India on dates 
between the a ist May and the 3rd June (an interval of a fortnight), and the mean maxi- 
mum temperatures in the North-Western Provinces and East Punjab range between 106“ 
and no'. 

The maidmum occurs on the mean of a large number of years on the same date in the 
North-Western Provinces and the South-East Punjab and a few days later than in Bihar. 

The iollowing table gives the highest mean maximum temperatures and the dates of 
their occurrence at a series of stations in Northern India : — 


SfUtOM. 

nesB 

mtinium 

temptratate. 

Date of occBtrcnee, 


0 

1003 

tist May, 


102 7 

.. 


1065 



1073 

4th June. 


105 7 

3n3 •> 

Agra • . . 

105*5 

» IP 

Roorkce • , a . 

105*2 

*» i» 

Delhi 

107*4 

» » 

Lahore . 

107*4 

ISl )» 


The preceding data, it may be noted, are based on the observations of 15 years, the 
means of which probably represent with approximate exactness the normal temperature 
conditions in Northern India. They show very clearly the small mean temperature differ- 
ences which obtain over the whole of Northern India at the time of the greatest summer 
or tropical heat, . 

The mean temperature increases steadily from January to its maximum in May in the 
Gangetic Plain. The diurnal variation is similar in character, and the diurnal range 
practically the same in amount over the whole area. The following gives data of the 
diurnal range for six typical stations ! — 



bUAH DiOBK 

A Rmot 

NoeMAt Avntioc maSiuvu m m* niitsuTOu. ] 


^aimair. 

Apill. 

JiBeary. 

April. 

XeUI Inman. 

Patna . . ..... 

1 ^^ 

27*6 

7*7 

100*9 

2^*2 

Allahabad 


31*9 

740 

104*0 

300 



3x3 

738 

J02*3 

aS-s 

Agra ........ 


*93 

735 

102 8 

29*3 

Roorkee. ....... 


31s 

69 s 

98*1 

28*6 

Lahore 


319 

«74 

96*6 

29 2 
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The preceding data establish^ — 

(1) That the diurnal range is almost the same in mean amount over the whole of 

the Gangetic Plain in each of these two months. It averages 26* in January 
and 31° in Apnl, when it has its maximum value. 

(2) That the maximum or day temperature increases during the period from 

January to April by practically the same amount (sts., 29*) over the whole 
area. 

In Plate XXVII are given curves showing the diurnal variation of temperature in 
January and April at five of these stations for comparison. These curves show very 
clearly the similarity of the temperature conditions over the Gangetic Plain during the 
north-east or dry monsoon. They also indicate clearly that in the months of April and 
May, when the hot winds are most prevalent, the maximum temperature and the 
diurnal range of temperature are almost uniform in amount over the whole Gangetic 
Plain west of Central Bihar. 

The amount of aqueous vapour present in the air increases slightly from January to 
April as is shown by the following data 5 — 


Smtiom. 

Addioi* KroDK ratitvitL 


Aj>rll. 

FcKcntapt 

iBtittftdttiliig 

ptMd. 

Patna 

*371 

'4SO 

+31 

Allahabad . 

*333 

■35B 

+ 8 

Lucknow ««•...• 

•*97 

•414 

+39 

Agi* 

•SOS 

•367 

+20 

Roorkee 

■m 

•333 

+*3 

Lahore 

•aGa 

• 38 B 

+48 


The quantity of aqueous vapour is throughout the north-east or dry monsoon greater 
at the eastern than the western stations. It increases by nearly the same proportional 
amount at four of the six representative stations from January to April, but the increase is 
comparatively small, averaging barely 20 per cent, in amount. The aqueous vapour pres- 
sure has a well-marked diurnal oscillation at each of these stations, the character of which 
in the two seasons represented by the months of January and April rrill be seen by a 
reference to tbe curves given in Plate XXYIII. 

A comparison of these curves establishes that the aqueous vapour pressure is 
subject to a double diurnal oscillation. The night oscillation is most marked in the cold 
weather and the day oscillation in the hot weather. This gives one of the more character- 
istic differences of the meteorology of the hot weather and cold weather periods. It 
should be carefully observed that the day oscillation in the hot weather is similar in 
general character in the two periods and only differs in its amplitude and period, indicat- 
ing that the causes which produce this oscillaUon are most vigorous in the hot weather. 
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In the, inflowing table ate given data oi mean humidity, aqueous vapour pressure and 
weight of aqueous vapour per cubic foot for no A.M. and 4 representative 

stations in the Gangetic Plain and North-East Punjab, which will be useful for reference 
in the final discussion ' 


Statiok. 

Mum Houtottr 

Mcam aqpksos fAracH rRiKonf. 


Aprtl. 

M«f. 

April. 

Mar. 

April 

rvh 

■ 

w 



4rM, 

■0 A,).. 

4t.v 

to 1 II, 

4r.u 

..... 

4r u. 

ISA U 

B 


il 

% 

% 

% 

» 







HB 

Patna 

37 

a 6 

51 

38 

*516 

*4So 

•746 

•664 

5’37 

401 

rss 


Allahabsfi .... 

*7 

*9 

36 

a6 

*407 

*352 

•603 

•S!I 

4*33 

3'59 

621 


Lucknow .... 

30 

aa 

4-1 

30 

*433 

•4t4 

•613 

•543 

4‘49 

4-i5 



Agra ..... 


18 

30 

32 


•324 

■487 

•43S 

3 75 

3’32 

502 

Q 

Roorkee .... 

aS 

so 

3S 

27 

•364 

•307 

• 483 , 

*438 

3-8. 

3*17 

S 03 

Q 

Lahore 

aa 

at 

31 

as 

•369 

• 31 s 

•454 

*4*5 

3'87 

3*j6 

la 

Bi 


The preceding data establish that the air 13 much idrier at 4 P.M. than at 10 A,M, 
This is, however, chiefly a temperature efiect. The vapour pressure data indicate that it 
is, however, in part due to an actual reduction in the weight per cubic foot of vapour 
present in the air, averaging about 12 per cent of the mean total amount between 10 A.M. 
and 4 p. M. This decrease can be in part explained by the large easterly movement of 
the air between these hours, bringing air from slightly drier to slightly damper districts. 
It is probable that the residual decrease to be explained by other actions, as for instance 
downrush of air accompanying upward convective movements, is small in amount and 
probably less than 6 per cent, of the mean total amount. 

The preceding statements and discussion have shown the mean or normal features 
of the air movement in the Gangetic Pimn during the hot weather. They, however, 
give a very inadequate idea of the characteristic features of the hot winds. This is 
due to the fact that the mean data are the averages of different types of weather. It is 
hence necessary to select for examination days on which the hot winds wete most promi- 
nent, if we wish to arrive at their characterisUc features. 

An examination of the daily weather charts of the hot weather months of April and 
May shows that the actual pressure distribution in Northern India from day to day be- 
longs, with few ejcceptions, to three different types during the'hot season. 

In the first type pressure fe slightly lower in Chota Nagpur than elsewhere. Light 
unsteady or easterly winds obtain in the central and eastern districts of the Gangetic Plain 
and moderate southerly winds with much easting in Bengal. Thunderstorms and 
nor* westers are of frequent occurrence in Bengal during this distribution of pressure. 

In the second type a low pressure area forms in Upper Sind and the South-West 
Punjab, usually during periods of excessive temperature. Such low pressure areas 
frequently move eastwards and give slightly disturbed weather in Upper India, dust 
storms occurring in the plains and thunderstorms in and near the hills. In a consider- 
able number of cases they fill up for short periods, and reappear as stationary depres- 
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sions. Light, unsteady winds obtain in the Gangetic Plsun during the prevalence of this 
distribution of pressure. 

In the third type, which frequently follows the filling up of depressions in Upper India, 
low pressure areas form at the foot of the Nepal and Sikkim hills. When this type of 
distribution prevails, strong hot winds invariably blow down the Gangetic^ Plaint An 
examination of the charts for the past three years Indicates clearly that vigorous hot 
winds as a rule only occur during this type of distribution of pressure in Northern India. 
In 'other words, they are only a normal feature of the period in so far that they are of 
occasional occurrence during the prevalence of peculiar pressure conditions, more espe- 
cially 0! those of the type described above. 

The folIo\ring is a statement of the number of days in April and May 1893, 1894 
and 1895 in which the pressure distribution belonged to these three difiefcnt types of 
pressure: — 


Mans. 

NsHuaoTBAti ut wonR wKMm BitTRimiAH or raiin*** 

IN Ndbibhin ttm* omt 

FlMlfpe. 

Sceooi type. 

Tbiri t,pe. 

Other typf*. 

April iSg 3 ..... 

to 

.3 

3 

4 

May 1&93 

8 

19 

! 

10 

April 1894 

IS 

19 

4 

i 

May 1894 ..... 

7 

7 

11 

6 

April tSps ..... 

4 

17 

3 

6 

May 1895 « • « « * 

7 

H 

6 

4 

Torat • 

49 

67 

97 

41 

Percentage occurrence . . . 

S 7 

36 

15 

39 


The preceding data show that the third type of pressure distribution was unusually 
frequent in May 1894. The periods in that month, when it was most strongly exhibited, 
were the 14th to the 1 7th and the 85th to the 28tb. The data illustrative of the special or 
most characteristic features of the hot winds will hence be obtained from thes^ periods, and 
it will be suflicient to give anemometric data of three days, vis., the 17th, the 26th and 
27th, for stations in the Gangetic Plain in order to show the more striking features of the 
hot winds. Charts for the 17th and a 7 th, exhibiting the distribution of pressure and the 
direction of the air movement in Northern India at 8 A.M. on these days, are given in 
Plate XXIX. 

The following tables give the actual air movement during each hourly interval of the 
day for the 17th, 26th and 27th May for the five stations, Calcutta, Allahabad, Roorkee, 
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Lahore and Darjeeling, which are provided with self-registering Beckley’s anemographs 
(all of the same pattern ) : — 


Table air mevement iunng htarly intervals of the day on 
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SrATieiv 



NoroiBlntlo 

Bt mixlmamto 
tnlsimom 
relKitr o( the 
ilr noiraient 
dBrlBcthe dir 

In tUj. 



1 

UMieel 
maxlrnnm to 
mlmmam 
fclMiV. 


t7th 

It 

■ 

■ 

||l 

Cnlcstu 

36th 

at 


3 M 



2;tH 

aa 


1-8 



i}lti 

10 


lov 


Roorkec • o • * . , « ' 

26th 

30 


4 ‘o 

4 ** 


»;ili 

17 

4 ‘S 

3 -S 



ijth 

t 3 

■ 

4*0 



S&tl 

14 


14-0 

3*0 


3 ;th 

It 

■ 

5*5 



The comparison establishes that the ratio of the maximum to the minimum o( the 
air movement on these dates nas from two to seven times as large as the normal. 
This was chiefly due to the great intensity of the winds during the day hours. 


The most noteworthy feature of the hot winds of the 17th, sfllh and ayih May (and 
one which is very characteristic of the hot winds in their typical form) was the rapidity 
with which the winds increased between 8 and to A.M. and decreased between s and 
7 P.M. at the stations in the Gangelic Phiin. In contrast with this was the great steadi- 
ness in the strength of the winds at 0.110011.1. The changes in the force of the winds 
nt D.irjeeling are even more remarkable than at stations in the Gangetic Plain, but their 
full discussion is reserved for a future paper. 

Another remarkable feature was that the minimum movement (occurring in the 
evening about 8 P.M.) was even less in amount than the normal or average at that 
hour. 

Assuming that the data given above arc fairly representative of the strength and 
intensity of the hot winds in Northern India in their typical form, it is evident that the 
hot winds proper blow with the force of a gale in the eastern and central districts of 
the North-Western Provinces from .about to A.M. to 4 or 5 P.M., and decrease very rapidly 
until 7 or 8 P.M., when the air movement is so feeble ns to be most suitably described 
by stating that the wind falls almost to a calm for .1 short period, and increases very 
slightly during the remainder of the night and again falls almost to a calm about sunrise. 
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The following gives temperature data of seven stations for the 15th, a6th and S7th 
May 1894, for comparison with the mean data in the second table, page 174: — 


STAtlOH. 

' , Mat iB|| 4 > j 

iTtll. 

sfilb. 

nih. 

Matlmem. 

MiBifflvm. 

nanit 

MailDinm. 

MiDimum. 

RlDfT 

Maxlnoro, 

MMmnin. 

IUDge 4 


0 

0 

• 

• 

» 

• 

0 

e 

0 

Calcutta « • • • 

103‘4 

81*? 

21*7 

94*1 

B3'a 

10*9 

95-8 

837 

11*9 

Patna , . . . » 

1085 

61 ; 

26*8 

112-6 

87 'I 

35*5 

ii 4 'i 

832 

30*9 

Allahabad . « • 

10S6 

81-3 

ars 

1137 

8S-2 

aS’s 

xi 3 *i 

877 

35*4 

Lucknow . . • 4 

10O3 

8ri 

34*2 

xti’8 

85-1 

267 

113-3 

84*1 

29*2 

Agra . 4 ■ • 4 

107-3 

82-7 

24*8 

114*0 

S17 

33*3 

*J 4 ‘S 

827 

3r8 

Roorkee 

1027 

79‘9 

228 

108*2 

7^9 

28*3 

10^7 

77*0 

337 

Lahore 

99 'B 

79*1 

20^7 

toys 

76 1 

33*3 

108-3 

73 -s 

35*2 


The preceding data estabiish that on these dates the hottest area was between 
Allahabad and Patna, and that the diurnal range was slightly above its normal amount. 
The maximum day temperatures were considerably in excess, and ranged between 110° 
and 1 14° over nearly the whole of the Gangetic Plain on the 26th and a7th. The maxi- 
mum temperature on the a7th was i4*'5 above the normal at Patna, 6^9 at Allahabad, 
9”'6 at Luchnow and j’'6 at Roorkee. 

The temperature conditions were hence very pronounced on the 26th and 27th May 
1894. 

The following gives 10 and 16 hours humidity and aqueous vapour pressure data of 
these dates for the same stations ; — 


Tabue xn. 
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Table XIII. 


SrATIOM 

HDKtniTT. j 

ITtk. 

sSlh. 

PTtb. 

■ 0 A.M. 

4 PM. 

to A H. 

4 P.M. 

IQ A.H. 

4 rM. 


®/o 

% 

®/o 

°/o 

•/. 


Calcutta 

63 

21 

70 

Gi 

70 

64 

Patna 

36 

21 

16 

8 

46 

18 

Allahabad ....... 

91 

IS 

14 

18 

14 

'5 

Lucknow 

19 

14 

9 

7 

10 

7 

Agra 

25 

16 

13 

10 

17 

XI 

Roorkee • 

36 

19 

9 

6 

10 

5 

Lahore 

35 

26 

16 

II 

20 

II 


The preceding data are very interesting. Those of Table XIII indicate the very 
low humidity which obtains at all stations in the Gangetic Plain during the prevalence of 
these hot winds, more especially in the afternoon hours. 

The data of Table XII show that it is not possible to formulate any general relation 
with respect to the changes of the amount of aqueous vapour present in the air, without 
taking into account local conditions. It may be pointed out that they indicate the occur- 
rence of large and (apparently) very irregular changes at the same station, and also from 
one station to another. Thus at Calcutta the aqueous vapour pressure on the 17th 
May fell from ’960" at 10 A.M. to •477' at 4 P.M., a change accompanying a shift of wind 
from S, W. to W.S.W. This, it may be noted, is the largest change shown in this table. 
On the 26th and a7th the aqueous vapour pressure was almost constant at Calcutta. 
At Patna it fell considerably between 10 A.M. and 4 P.M. on the 17th and a6th, and very 
largely on the ,27th from '836" at 10 A.M. to •483' at 4 P.M. — a change accompanying a 
shift of wind from an easterly to a westerly direction. At Roorkee, Lucknow and 
Lahore the stations nearest to the Himalayas, the aqueous vapour pressure on each of 
these dates was less to a moderate extent at 4 p.M. than at 10 A.M., and this probably 
is an almost invariable rule at these stations. But at Allahabad it was higher on two of 
these days at 4 P.M. than at lo A.M. and at Agra on one day. 

The day variations in the amount of aqueous vapour during the prevalence of the 
hot winds are hence, at first sight, very irregular, and it is evident that they cannot 
depend upon any common or general action, such as descent of a mass of air from a 
higher to a lower level, but must depend largely, if not almost entirely, in the interior, 
upon local conditions ( and perhaps proximity to the Himalayas ), and near the coast 
upon the alterations of air currents of land and sea origin. 

We have now shown to what extent the hot winds proper differ from the mean winds of 
the period. The chief difference lies in the great contrast between the day winds and the 
night airs. The temperature and humidity conditions do not differ from the normal to any 
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large extent. Both the day and night temperatures are higher, the day slightly mote than 
the night temperature, so that the diurnal range is slightly iiicreased. The air is even 
drier than usual, more especially in the day hours, when temperature is most largely in 
excess. But over the greater part of the area the mean aqueous vapour pressure differs 
little from the normal. 

In order to investigate the origin of these hot winds which present so marked a 
diurnal periodicity, it is necessary to ascertain the varying pressure and temperature 
conditions and gradients that prevail during the day over the Gangetic Plain. The 
hourly observations for certain stations which have been discussed (vide Vol. V, Indian 
Meteorological Memoirs) enable this to be done. Tables will be found in each of these 
memoirs giving the pressure and temperature at each hour (local time) of the mean 
day of each month. From these, hy the use of the ordinary interpolation formula to 
three terms, the pressure and temperature at the instants of local time corresponding to 
the hours of Calcutta time have been calculated, and are given in the following 
tables. 

They hence give the pressure at the same absolute instants of time at hourly 
intervals throughout the mean day of January and of April, and thus enable an exact 
comparison to be made. 

In the following tables the mean pressure at the same instants during the day are 
given for the seven stations of Calcutta, Patna, Allahabad, Lucknow, Agra, Roorkee 
and Lahore. 


Tabie XIV.— d/«a« pressure reduced U sea level and gravity at Lai. at seven stalians at each 
hour (Caleutia time) ef the mean day in January, 


(Mcao CaleatU Unie), 

CalcatU, 

Fa(aa. 

AQahatad 

LdcIdoW# 

Acn. 

Reerlte. 

LaboK. 



« 



V 

t 

le 

Midnighti 

«9’979 

3’037 


30*027 

30*046 

30051 

30*062 

1 

•9J2 

• *037 


*031 

*038 

•0^ 

■060 

2 

•964 

'017 


'014 

*028 

■034 

•058 

3 

•956 

’008 


*007 

*022 

*027 

■053 

4 

■95« 

•005 

*995 

*001 

•017 

•025 

•€48 

S 

*960 

•008 

•995 

*000 

*017 

•025 

•045 

6 

■976 

*030 

30 005 

'009 

*03S 

*029 

■044 

7 

•997 

•043 

*024 

*025 

*041 

’040 

•049 

8 

30036 

*069 

•049 

•048 

‘065 

•05S 

•063 

9 

'050 

•088 

•071 

*071 

*088 

•079 

•079 

ID 

•056 

•093 

*079 

'081 

*JOJ 

’08S 

•0S8 

11 

•038 

‘078 

•070 

•076 

*095 

‘078 

•0S9 

Noon. 

'009 

*050 

^5 

•03+ 

*076 

•056 

•076 

13 

S9'97S 

•017 

•013 

'024 

*044 

*034 

*053 

U 

*945 

39*969 

39*<^l 

29*994 

•oil 

39*994 

*038 
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Table XI V.— Mean pressure reduced to sea level and gravity at Laf. 4^ at seven stations at each 
hour {Calcutta time) of the mean day in January— 



Table XV .— pressure reduced to sea level and gravity at Lot. 4f at seven stations at each 
hour {Calcutta time) of the mean day in ApriL 
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> TABI.B XV,— pressure reduced te sea level and gravity at Lai, if at seven stations ' , 
at each hour [Calcutta time) of the mean day in April— concXA, 



In the follov'ing are given the pressure differences between Allahabad and certain 
stations derived from the data of the preceding tables 


Table 1^\.— Pressure differences between Allahabad and certain stations at each hour of the mean 

day of January, 
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Table Wl.-^Pressure difftf cnees hetvseen Allahabad and certain statiotts at each hour of the mean 
day ofJauuary^^QneX^. 


ileu*. 

(Mub CalcBtia lline.) 

AIl»tia(ad 

Calcttits. 

AOabalnd 

n{pui 

Patna, 

AUnhkbjd 

mUsf 

Lneknetr. 

Allababad 

nilnut 

Asta. 

AU^tad 

AUahaTod 





, 



lS 

+■031 

“*oo 3 

—*004 

—•017 

— .‘010 

“•033 

*9 

+*031 

—•009 

—•004 

—•016 

—•009 

— *019 

.0 

1 o.n 








*oi 3 



— *018 


33 

+*030 


-“■OlO 

—'037 

—•026 


>3 

+•036 


—•oit 

W039 

—•032 

—■040 


Table XVJ {.^Pressure differences beiveeh Allahabad and certain stations at each hour of the 
mean day of AfriL 


Hb:«. 

(MUB CniMtu llase.) 

Anat-al'&d 

ntaii 

Ca:<«itz. 


Allababad 

rt»Fn» 

Ixtinvw, 

Albhibad 

Atl*. 

Allahabad 

ntniif 

Rnorfcec. 

Allahabad 

ntfU! 

Lahore, 

Midnight 

—•041 

— '016 

— «o 3 


— W 3 S 

—031 

1 

— *038 

— -CIS 

—•009 


-*035 

— 03B 

8 

— *030 

— ‘oia 

— *010 


• —035 

-■041 

3 

-'O33 

— *011 

— *005 

—•016 

-■031 

—* 04 ® 

4 

“•033 

-•013 

—006 

— ■oiB 

—030 

—038 

5 

—•03s 

—^14 

—•001 

—014 

—•030 

—•024 


— •034 






7 

—'£.33 

—•013 

+’oo8 

—*010 

—■023 

—•006 

S 

—■057 

— 'OlO 

+•010 * 

—on 

—■015 

—001 

9 

— •O3S 

—•007 

+*010 

—•on 

— •oqS 

-{-•004 

10 

-*057 

—003 

•*•*005 

—'01 a 

—•007 

—009 

IT 

-^035 

—003 

+•001 

-•015 

—•oil 

—005 

Soon 

-•033 

—*003 

—003 

-■017 

— 016 

—014 

<3 



—007 

— 023 


—027 

14 

—^531 

0 

—*009 

—•024 

—•024 

—036 

15 

-•032 

0 

—^10 

-•024 

— •023 

—*041 

iri 

-•034 

—•001 

— ‘oia 

— 'oai 

—*020 

—041 

>7 

—•038 

—'003 

—013 

—•015 

—♦016 

—036 

is 

"• 04 s 

—•006 

—•013 

—■013 

—014 

—031 


— ti49 






30 

-••05a 

—■008 

— oog 

—on 

—016 

—>023 

31 

—055 

— 'Oil 

—•009 

-0.4 

—'021 

—•022 

• 53 

— Q30 

—014 

—003 

—015 

— 0 S .3 

—•021 

*3 

- ‘—•040 

— ’oiO 

— ooO 

— •oiC 

—029 

—^25 
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The data of Table's XVI and XVII establish that the pressure gradients in the 
Gangetic Plain during the cold and hot weather months vary considerably during the day 
in amount and ’have two maximum and two minimum values. 

The following gives the maximum and minimum mean pressure differences during 
the day between Allahabad and Lucknow, Agra, Roorkee and Lahore, and their epochs 
for the month of January : — 


Pair o( StaUmii, 

Pint 

mutiiun. 

Pint 

miBlmtin 

SccoBd 

mexfoinin. 

Second 

tnlafmotn 

Luckncnv minus Allahabad . • • . . 

+•011 

11 r.M. 

—•001 

8 A.M. 

+■013 

2 P.M, 

q 

+•003 

SP.M. 

Agra minus Allahabad •(#<».• 

+•029 

+ 016 

+•03% 

+'016 


11 p.M. 

8 A.U. 

I P.M. 

7 P.M. 

Roorkee innitir Allahabad 

+•033 

Uidnight 

4 *008 

f^and ti A.u. 

+*dt3 
a p.M. 

+•008 

4 P.M. 

Lahore minus Allahabad • 4 ■ . • • 

. +*054 

3 A.M. 

+*008 

9 iUM. 

+•047 

3 F.H« 

+•029 

7 and 8 p.M. 


The chief features indicated by the preceding figures are : — 

/if, — The pressure gradients and differences vary considerably during the day. 
ittd . — The absolute minimum gradients occur at SorgA.M. The differences 
are so small that pressure may be regarded as almost absolutely uniform 
over the Gangetic Plain at these hours. The mean pressure difference 
between Allahabad and Lahore at 8 a.m. is only ’ooS', between Alhhabad 
and Lucknow only ‘ooi' and between Lahore and Roorkee nil. 

3rd , — The pressure differences increase rather rapidly from 10 A.M. until 2 P.M. 
when they are moderate in amount, averaging nearly ’05' in total amount 
between Lahore and Allahabad. 

4th . — The gradients decrease from 3 P.M. to 7 or 8 p.M. when they are small in 
amount, but slightly greater than at 8 A.M. They increase from 8 p.M, 
to about midnight, when they are nearly as large as at 2 p.M. 

3th . — ^The epoch of the early morning or night maximum is more variable than the 
epochs of the afternoon maximum and of the minimum values. 

The following gives corresponding data for the month of April : — 


PairoCctatloei 

fit>i 

voifniun. 

Pint 

nlolmBm, 

SrcDsd 

aulmus^, 

Second 

tMotnoDh 

Lucknow ffltnu; Allahabad . « 4 4 # . 

+•010 

3AK. 

• . 

— *oto 

8 to g A.M, 

+ 013 

5 to 6 P.M. 

+•005 

10 P.U. 

Agra mr»Hs Allahabad . . * 4 . » 

+'OiB 

4 A.M. 

+•010 

7 A.U. 

•^■•034 
® to 3 P,M. 

+■010 

7 P.M. 

Roorkee minur Allahabad 4 # . , « . 

to a A.H. 

+'007 

10 A.H. 

+’024 
a P.M. 

+'Ois 

7 P.M, 

Lahore mtnv Allahabad ... * 4 

+•042 1 

3 A.M. 

—•004 
g A.M. 

+'041 

3 to 4 P.»i. 

+'oai 

10 p.M. 


The figures differ very slightly from those given for January, thus 
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the mean gradients m their diurnal vanatlon are practically the same in the two months 
in the Gangetic Plain. Hence during the whole period, from January to May, the 
pressure gradients in the Gangetic Plain have a strongly marked diurnal variation 
charactenzed by two maximum and minimum values. The chief features are 

7^^— Almost absolute uniformity of pressure in the Gangetic Plain from about 8 to 
10 A M. 

2Kd — Moderately steep gradients at about s P. M. and also in the early morning 
from about midnight to 2 A.M. The gradients are almost the same in 
amount at these two penods 

afternoon minimum of gradients at about 7 P.M 
In the two following tables are given corresponding data for temperature 


Tabij: XVIII —‘Mean temperature at seven siaitons at each hour {Caleuiia itme) of the mean day 

stt January, 
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Table temperaiure at sevan tiaiiotts at each hour [Calcutta time) of the 

. mean day in April. 


Hodi, 

(Mean Calcntts time,) 

Calcotta, 

Patu, 

Allahtta^. 

LuckbOWs 

Aera. 


H 


0 

fl 


^ 0 

e 

e 

e 

Midnight 

8o*i . 

8o’i 

79*9 

77*9 

82*1 

74-6 

75*0 

I 

79*7 

78*8 

78'6 

77*0 

80*9 

72*6 

74*0 

2 

79*3 

77*5 

7 rs 

76*2 

79-8 

'71-5 

73*1 

3 

79*0 

76*1 

76-3 

75'2 

78-7 

70*8 

72*1 

4 

78'6 

74-8 

747 

73*7 

77 ** 

69 s 

70*9 

5 

78'3 

73*9 

73*3 

7**4 

75*5 

66*7 

69*6 

6 

78 'i 

74*1 

73*3 

7 *’S 

74-6 

64*9 

68^ 

7 

79*0 

78-5 

75*7 

75*0 

75*7 

66*8 

69*6 

S 

8r8 

8o*5 

807 

79*9 

79*1 

72*2 

72*4 

9 

84*6 

« 5'3 

87*1 

8 S '7 

84'2 

79 ‘o 

769 

10 

87'4 

Sys 

93*0 

90*9 

8g'6 

84's 

82*2 

11 

S9<8 

92*8 

97*1 

94*3 

938 

BB*i 

86*7 

Noon 

91-5 

94*9 

99*3 

96-4 

96*5 

90*6 

89*8 

13 

917 

97*0 

*00*7 

96*0 

98*1 

926 

917 

14 

93*4 

98*0 

101*9 

99-6 

99*5 

94 *» 

92*8 

IS 

93*4 

91-9 

102*9 > 

100*8 

100*5 

95*2 

93*7 

i6 

93*5 

98*6 

102*5 

100*7 

100*9 

95*4 

93*9 

17 

90-3 

97*0 

100*3 

987 

99-8 

94*3 

. 93 ^ 

i8 

S 7'7 

93*9 

96-4 

95*1 

97*3 

91*8 

90*6 

19 

Ss-J 

90*7 

92*0 

91*0 

94*0 

876 

87-1 

20 

Sys 

877 ' 

87*8 

87-1 

90*4 

B 3’3 

83-4 

21 

82*1 

8S’2 

85*6 

84*0 

B 7'5 

80*2 

8o*2 

22 

81-3 

83*2 

83*0 

61*4 

85'4 

78-4 

77*9 

33 

80*6 

Br-S 

81*3 

79*4 

83*6 

767 

1^3 

Mean, 

84'6 

86*1 

87-5 

86*0 

877 

8o'g 

80*9 


An examination of the tables shows that Allahabad and Patna are the hottest stations 
in the Gangetic Plain in April. In the following tables are given the actual temperature 
differences between Allahabad and the remaining stations, data for which are given in the 
preceding two tables, for each hour (Calcutta time) of the mean day in January and 
April 
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Table XX.-~Temperalttre differences beixeeen Allahabad and six other slations at each hour ' 
{Calcutta time) of the mean day in January. 


Heel, 

(Mean CaUattft tine,) 

AUatnbad 

ARahaliad 

r«nt. 

Alia^bad 

Le^aew. 

AUsbabad 

mrnB3 

Agrs, 

AHabibad 

Raoikcf, 

Altahabad 

mfnw 

Labere, 

MidntgVtt 

. 

■ 

« 

— ys 

0 

—1*4 

+S *2 


+3*9 

. 0 

+5-S 

1 



— 10*1 

-1*4 

+3*4 


+4*0 

+5*4 

) 



— lO’S 

—1*3 

+*•6 


+4*3 

+S'S 

3 



— 9‘9 

— 0-9 

+27 


+4'!) 

+54 

A 



— 9‘8 

— 0*4 

+37 


+5*3 

+5*0 

T 



— 10-4 

— 0*3 

+i'5 

- 0 -. 

+5*1 

+4'S 

6 



— li‘i 

— o '6 

+3*6 

+0*4 

+4’9 

+4‘4 

7 « 



— 107 

-i‘3 

+3*9 

+ 1*3 

+5*5 

+5*3 

5 ■ 



— lo ”6 

-i-g 

+37 

+2*4 

+6*9 

+7*0 

9 




— 3'2 

+3*3 

+3*0 

+ 8*3 

+8-5 

to • 




—17 

+3-5 

+2*9 

+8*3 

+9*0 

11 * 




—07 

+1*9 

+ 27 

+7*3 

+ 8*9 

Noon . 




+0*3 

+ 1*6 

+r(i 

467 

+8*4 

13 



— 3'5 

+ 1*6 

+1*9 . 

+27 

+6*0 

+8*1 

u 



-3-ft 

+3'3 

+*•6 

+3*4 

+6*1 

+7'B 

*s 



— 3‘S 

+s'S 

+ 1*0 

+r6 

+5*8 

+7*3 

16 



— 3*3 

+3*1 

-0-4 

0 

+4-8 

+6*1 

*7 



-3-8 

+ 1*3 

—1*6 

-17 

+37 

H47 

tS • 



— 5*4 

0 

—3*0 

—37 

+3*6 

+3’9 

19 



— TS 

—1*3 

->■4 

—3*9 

+ .3 

+37 

00 . 



~ 8-6 

*-r5 

— or| 

-2*3 

+ 1*6 

+4*8 

31 



— 9*0 

—1*9 

+1*3 

—1 G 

+8*0 

+5*7 

33 . 



— 8*3 

-1-6 

+3-0 

— r» 

+ 3*9 

+63 

*3 



— 9 ^ 

—1*4 

+3-3 

—yo 

+3*7 

+6*0 


Table y^X.^Temperature diferences hetxeeen Allahabad and six other stations at each hour 
{Calcutta time) of the mean day in April. 


H«a. 

(Mrse C*K«tu ttreJ 


mi 

AUabebad 

Lnikeaw , 

Allahiliai 

mat* 

Asia. 

AUababid 

ntav/ 

Kooikce, 

Allababal 

nlaai/ 

Lahcre. 



0 

e 

mmm 

e 

• 

Midnight 


—0*3 

+3*0 


+S’3 

+ 4*9 

1 

—1*1 

—0*3 

+1*6 


+6*0 

+4*6 

3 

-1*8 

0 

+1*3 


+6*0 

+4’4 

3 

-3*7 

+0*3 

+.1*1 


+55 

+4'2 


— 3’9 

— 0‘J 

+1*0 

—3*5 

+ 5*3 

+3*8 
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Taqu XXl,—Tmferiiture differences ielweeu Allahabad and six other staiuns at each hour 
{Calcutta time) of the mean day in April— 


Hoot. 

(Mmo CticBtta time.) 

AlUbabad 

ffllRBf 

C»teutU, 

AlUhabul 

minn 

Patna. 

AilLhab&d 

ntnui 

Ltieknow. 

AUababad 

nintir 

Agra. 

AUahabad 

mbiw 

Ronkcct 

Ailababad 

Rlntrr 

Liibm, 


0 

e 

e 

n 

0 

e 

5 

—50 

— o'6 

+o‘9 

— 3*3 

+6*6 

+ 3*7 

6 

-4-8 

- 0*8 

+ 0-8 

-1-3 

+8'4 

+ 4*4 

7 

-3*3 

— o ‘8 

+07 

0 

+ 8 -g 

+ 6*1 

8 

— I'l 

+ 0*2 

+ 0*8 

+ 1*6 

-PB-S 

•P8-3 

9 

+3*3 

+ 1-8 

+ 1*4 

+29 

■P8-I 

+ 10*2 

10 

+S6 

■PS'S 

+jri 

+3*4 

■PS'S 

+10*8 

11 

+J'7 

+4*3 

+2*8 

•PS'S 

+9*0 

-Pm-4 

Noon 

+r> 

+4'4 

+3*9 

+2*8 

■PS'7 

+ 9*S 

X3 

+8*0 

+ 3’7 

+27 

+3*6 

+a*i 

+ 90 

14 

•ta-s 

. +3'9 

+2*3 

+2*4 

+77 

+ 9*1 

IS 

+9’5 

+4*0 

+ri 

+2*4 

■P7'7 

+ 9*2 

16 

+10*0 

+3*9 

+1-8 

+1-6 

■P7'I 

+ 8'6 

17 

+ 9'8 

•PS'S 

-Pl-S 

+0*5 

+6*0 

■+ 7'3 

18 

+ 8-7 

+a*s 

•PI'S 

-0‘9 

+4*6 

+ 5-8 

19 

+ 6-8 

+1*3 

+1*0 

—2*0 

■P4'4 

+ 4*9 

20 

+ 4'S 

+0'l 

+0-7 

— 3*6 

+4'5 

■P 4'4 

2\ 

+ 3*3 

+0-4 

+1*6 

-rp 

+5*4 

+ S*4 

23 

+ r? 

— 

+l€ 


-P4-6 

+ S*i 

23 

+ 07 

— 0'2 

+ 1-9 

■ 

+4’6 

+ 5*0 


The preceding data are very instructive, as they show that the temperature differ- 
ences or gradients vary very considerably during the day, due mainly to the fact that the 
diurnal heating action of the sun commences considerably later at the western than at the 
eastern stations in the Gangetic Plain. The following states the more important fea- 
tures disclosed by the preceding tables : — 

Temperature is highest in the cold weather in Bengal and diminishes westwards up 
the Gangetic Plain. The mean temperature gradients increase in amount from east to 
west over the Gangetic Plain. The temperature gradients, however, vary very considerably 
in amount during the day and have their absolute minimum values about 6 to S P.M,, and 
their absolute maximum values from 8 to 10 A.M. Temperature at Lucknow and Agra 
relatively to Patna and Allahabad is higher in the night hours, or the temperature 
gradients are reversed in direction from 5 P.M. to 5 A.M., the differences being greatest 
from 6 P.M. to 7 P.M. The temperature of Lahore and Roorkee in January is through- 
out the whole- 24 hours period below that of Allahabad and Patna. The differences 
are least in the evening from 6 to 8 P.M. and increase slightly during the night hours 
up to 6 a.m., and thence rapidly up to the maximum at 10 A.M. They thence decrease 
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lowly until 2 p.m. and afterwards rapidly to the minimum at 7 or 8 P.M. 

The following table gives briefly the chief data showing the effect of the difference 
f longitude in modifying the temperature differences or gradients in the Gangetic Plain 
n January : — 


Paif s[ iiuioM. 


VtMrtlUTUtB 

virrsttKcii, 


Mlnlnom. 

(A). 

Mkdmom. 

IX). 

Mtta 

stdiy. 

b^M, 


a 

e 

0 

S 

AliahnbAd miHHc Calcutta • < 


— 1 X‘I 

— 7'7 


AnahabadmiMwiRoorttee . . 

1*6 

S-i 

4-8 

66 

AUnhabad miRuf Lahore * 

3*9 

9*0 

6 ’t 

5*« 

Patna TRiMUf Roorkee • • . 

2*5 

tO ‘4 

S*3 

7*9 

Patna miuut Lahore . . 

3*3 

to *7 

6-6 

ya 


In the hot weather (as represented by the month of April) the hottest area 
I the Gangetic Plain includes Allahabad, Patna and Lucknow, the centre being 
ilahabad. There arc steep temperature gradients to the west of that area as far as the 
‘unjab and also to the south-east towards the Bay of Bengal. 

The maximum temperature gradients in the western half of the Indo-Gangetic 
lain (f>., to the west of Allahabad) occur from 10 A.M. to 11 A.M. and the minimum 
om 7 P.M. to 8 P.M., or on the average an hour later than in the cold weather. The 
!mpcrature gradients to the south«cast (.is given by the temperature differences between 
Ilahabad and Calcutta) arc greatest from 4 P.M. to $ P-M** and Hence late in the after- 
oon. 

The following gives temperature data for the month of April, showing the effect of 
iffcrence of longitude in varying the temperature gradients during the mean day of that 
lonth in the Gangetic Plain : — 


r«lrcf 



BirpcsiKit. 


Ittalwvn. 

(•>. 

aiaflrnsan. 

IW- 

Mean 

cldar. 

h— a. 




0 

B 

^m 

0 

Allahabad mffttts Calcutta 



— yo 

lO’O 


>5*0 

Allahabad mintirLucVnow 



0*7 

3*9 


3*3 

Allahabad mittiit Roorhee 



4*4 

9*0 


4-6 

Albihabad mfttus Lahore 



37 

to8 


7'l 

Patna rtiirus Calcutta . 




6-S 


10*9 

Patna vtfnut Lucknow • 




3*3 

0*1 

4*3 

Patna iRtni/rRoorkee . 



mm 

9*7 

5*3 

7*6 

Patna r»A]t/r Lahore 



3*3 

8'4 

5*3 

5*1 


The diurnal variation of the temperature gradients is the same in general character 
April as in January, the chief difference being that gradients between Allahabad and 
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Calcutta are much steeper in April and are reversed in direction, a change which is 
accompanied by a great increase in the strength of the winds in South Bengal. The 
maximum and minimum gradients during the day between Allahabad and Upper India 
(represented by Roorkee and Lahore) are almost identical iti amount in the two months 
thus showing that they are mainly determined by conditions dependent on difference 
of longitude and not of latitude. As already stated the actual temperature differences or- 
gradients are feeblest in the afternoon shortly after sunset and increase very slightly 
during the night hours until S or 6 a.m. They then increase rapidly until 9 or 10 A.M., 
when the maximum gradients obtain. They decrease slowly ' until 3 P.M., and thence 
rapidly to the minimum of the day at 6 or 7 P,M. 

Data have now been given showing all the more important features of the air move, 
ment- and the accompanying temperature, pressure and humidity conditions in the 
Gangetic Plain during the period in which dry westerly winds of continental or land 
origin usually prevail, and also the pressure and other conditions accompanying the 
development of these winds into the “violent day winds” of occasional occurrence in 
the hot weather month, which alone are regarded by the inhabitants of Northern India as 
the " hot winds” of the Gangetic Plain. ' 

It has been shown in page 169 that the most noteworthy feature of the air 
movement in Idorthern India during the dry or north-east monsoon is the diurnal variation 
of the strength of the winds. The diurnal rotation of the wind direction in the case of 
the stations of Allahabad, Lucknow, Agra, Roorkee and Lahore has been discussdd in the 
memoirs on the hourly observations of these stations [vide Meteorological Memoirs, 
Vol. V). The diurnal rotation is fairly well marked, and its amount and character depend, 
to a considerable extent, upon the position of the stations relative to the Himalayas. 

The following table gives the mean wind direction at six-hourly intervals (luring the 
mean day of the period from October to February and of the period from Match to May, 
for the five stations in the Gangetic Plain named above, and hence shows the most promi- ' 
nent features in the diurnal shift of wind at these stations in these two periods i — 


MEAN AINO DIRECTION 


4AM. to AM OrW 


4 A.H. 10 W, 4 r H 


.Allakibad . . . Nsi'W NSj'tV NslPW N45"W N is" W Ns'W Nsi'W N 51" E 

LvcUow . . N+I'W Nsj-’W NjfW N45'W Nj9”W N4i'W X47»w N44'W 

Agra . . . . NSd''W S Sj' W N6a"W t ' N 79” W SSS'W Nvt'tV t 

Boorkeo . . . N8,"W S J' E N7."w|N76”W N84"W S E N74*W N65”W 

Lahore . . N 30° E N 5° W N so' tv I N 5“ E N 16' E N 20" E N sS' tV N 30' E 

It has also been shown that the intensified westerly winds of April and May or 
the hot winds proper, do not differ in their general characteristics from the mkn winds 
of the period. The contrast between the strength of the day and night winds is much 
greater, and the diurnal range of temperature and aqueous vapour pressure and the 
intensity of the heat during the day are greater during .the prevalence of the true. "hot 
winds" of the period. The following gives an illustration of the actual conditions from' 
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the hourly observations recorded at Allahabad and Patna on the 7th May 1883 in 
illustration ot these tematks : — 


Table XXII — Results of hourly observeltous itl Allahahed on the yih May sSfy, 



Table XXIII . — Results Of hourly obscrvaltons at Patna on the yth Hay ihSy 
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Table XXIII .— ofkmrly observatiofts at Patm oti the Jth May /J+j— concio. 



feapentor^ 

X'apour 


Wmo 

Weather* 

HnmliUty 

Direction 




■ 








« 

7* 


Miles* 


4 







» 


3<>5 

‘S24 

9' 

EWE 

6 

t 

5 









75*5 

813 

92 

ENE 

6 

0 

5 









75*9 

*824 

92 

EN£ 

6 

0 

7 









77'S 

•828 

88 

E 

6 

0 

s 









812 

829 

7® 

E 

6 

e 

9 









86% 

•816 

65 

ENE 

6 

h 

10 









900 

775 

48 

SE 


b 

It 









977 

•588 

33 

NNW 

5 

b 

Moon 









1037 

491 

23 

NW 

5 

h 

13 









1067 

‘40& 

'7 

NW 

8 

h 

14 









1083 

‘353 

14 

NW 

8 

mm 

15 









xb&9 

•337 

H 

N 

8 


16 









tori 

•345 

'5 

NW 

S 

D 

>7 









101*7 

377 

17 

NNW 

8 

B 

iS 









10x7 

'410 

St 

NW 

8 

b 

t9 









9S7 

470 

26 

NW 

2 

b 

ao 









93*3 

‘SP 7 

3» 

NW 

3 

6 

u 









m 

•5»5 

35 

ENE 

3 

b 

ta 









886 

'579 

43 

ENE 

3 


Ul 









*7-4 

61 1 

47 

ENE 

3 



The daily n'eather charts shoiv that the pressure conditions in Northern India 
on the 7th May 1883 were similar to those of May s6th and 27th, 1894, but were much 
less strongly marhed. 

The following relations between the maxiraura and minimum phases of the air 
movement and the other meteorological elements obtained from the previous discussion 
are important for testing any theory of the origin of the hot winds. The relations are chiefly 
derived from the mean data and hence apply moat directly to the normal mr movement 
of the period, but almost certainly apply equally to the exaggerated winds of the period 
known as the hot winds. 

(1) The absolute minimum of the air motion in the north'east or dry monsoon, 

more especially in the hot weather, occurs at about 7 p.M, or 8 P.M., or 
slightly earlier than the epoch of the minimum temperature gradient of the 
day, and precedes that of the evening minimum pressure gradient in the 
Gangetic Plain by an average of about three hours. 

(2) The absolute maximum of the air movement in the Gangetic Plain is practically 
coincident with the epoch of maximum temperature and precedes the day maxi- 

* NoTB,^£in weaihsT cduraosicnifies blue sly 

r ditto ditto partial eloads 

0 ditto ditto orercast. 
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mum pressure gradient by an interval of at least one hoar. The rapid in- 
crease of air movement during the day from 8 A.M. to 2 p.M. accompanies 
increasing pressure gradients and large temperature gradients. 
f3) The period of most rapid increase of velocity {8 A.M. to g AM.) is practically 
simultaneous ivirh the period of maximum temperature gradients, and of 
feeblest pressure gradients in the morning and the period of most rapid 
decrease of velocity (from 5 P.M. to 7 P.M.) with the period of rapid decrease 
of temperature gradients in the afternoon. 

(4) There is a slightly marked tendency to increase of air movement during the 
night from about 10 P.M. to 2 Ajri. and to slight decrease shortly before and 
after sunrise. The former is coincident with the night maximum gradient of 
pressure, and the latter precedes the morning minimum pressure gradient (at 
about 8 A.M. to 9 A.M.) 

According to all meteorologists who have discussed the theory of hot winds, convection 
movements play an important part. Convection air movements ate undoubtedly most 
vigorous in Northern India in the hot weather. The cause of these movements is not to 
be sought for in the actual temperature of the air, nor in the diurnal range of temperature, 
but in the excessive heating of the surface soil by the solar action in the hot weather 
months, and the consequent rapid decrease of temperature with elevation in the lowest 
air strata. It is not possible to give an exact measure of this convective action, but 
the ground temperature observations taken at Allahabad, Jcypore and Lahore furnish 
data which are of use. 

In the following table are given the temperatures of the ground surface and the tem- 
peratures at 4 feet above the ground determined by observations of a thermometer in a 
thatched shed at 2 P. M. or 4 P. M. or about the hottest time of the day. It is almost 
certain that the mean temperature at 4 feet above the ground in the observatory sheds 
differs very slightly from the temperature at the same elevation above the ground in the 
open, and hence the recorded temperature data in the shed may be utilized for the tem- 
perature at 4 feet above the ground in the observatory compound immediately outside of 
the shed, where the ground surface temperature is measured, The table gives comparative 
data for the three stations in Northern India at which these observations arc recorded ; — 


TAB1.E XXIV, — i/«« Umperat«TC of the ground mrfate and oj the oir at 4 foot above the 
ground, and their dijferencct during the hottest part of the day. 


StAiiaw. 

■■ 
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TADLC WV.-Mea« temperature ef the grauud turf ace and af the atr at 4 feet above the ground 
TABLC AAi iigoreneee during ihe Uteet part of the day- toncld. 



The data indicate that the difierences are small to moderate in amount in the cold 
weather months and increase rapidly from February until May. Thus at Allahabad the 
mean diflerence between the air and ground temperature at 2 P, M, in January 1894 was 
5"’5 and in May 33”'3. H once the differences of temperature in the lowest stratum of air 
near the earth’s surface and which give rise to convective currents are nearly five times 
as great in May as in January at Allahabad. 

The Lahore observations indicate that the contrast between the vertical tempera- 
ture gradients near the earth’s surface in the months of January and May, becomes more 
marked as we advance westwards up the Gangetic Plain, due, however, not to increased 
gradients in the hot weather, but to decreased gradients in the cold weather. At 
Lahore, and probably in the Punjab generally, the ground is throughout the whole day 
cooler than the adjacent air. 

The preceding discussion has shown as fully as can be done from the available 
normal data the characteristic features of the hot winds of Northern India and the 
accompanying meteorological conditions. 

It has been established that the hot winds proper are an abnormal development 
of the westerly winds of the Gangetic Plain under special pressure conditmns The 
actual pressure conditions, including the variations of the gradients during the day have 
not yet been fully ascertained. I propose shortly to call upon ctrtain stations to record 
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hourly obscn ation'; on the dal's when these winds arc most vigorous, and thus accumulate 
the further data necessary for their full csplanation. This will probably require some 
time, and the present discussion is lienee preliminar} to the future discussion that will be 
made wjicn sufTicient special obsetsations of these winds ,and the accoinpan)ing pressure, 
temperature, and humidity conditions have been accumulalcil. In the present paper it is 
only possible to investigate the conditions and phenomena of these winds fully so fat as 
yhey can be traced from mean data. 

The westerly winds in the Gangclic Plain .are common to the whole period from 
November to May, The dircclicn of the ait movement during the penod shows tliat it is 
parallel t<> the He of the isobars and also to tliat of the atis of the plain itself. Also, 
during the whole of the period the strength of the air current blowing down the Gauge- 
tie Plain appears to base hillc or no direct connection with the very fcehlc gr.adients or 
dn'ereaecs of pressure down the plain. Asflill points out justly, the strength of the mean 
mosemcni down the Gaogeilc Thin increases from Janmary to M.ay, during which period 
tbe iTe-an gradients in the direction of the Gangcric Plain nre very small, and also on the 
the whole decna'e, rather than increase, in amount with the progress of the season. On 
the ot! er hand, as Hil! also remarks, temperature increases pen pnijti with the incrcas- 
i-gait nio.-c'nen:, ard hence the iclociiy of thc.iir motrment in the honrontal direction 
,1] pears to be ditsctly related to the temperature of the ait stratum nearest to the 
rarth'- 'j’fAcn. Ccnildetlng the me.tn wind data giicn by the hourly obseri.aiions cl 
liar.anb’.gh, Pnu. I.uclnew, Agra. Rooilcc and Lahore lor the month ol April, we bate 
the lo’tewii g as the tre-c pto'ninrnt Ivalutcs ol the winds ol the ftsiiod (and hence ol the 
'•iJira-y I o', wio'ls):— 

(t) Tic .ai* n'oicreatin its diurnal a arhtion is neatly constant from ; r.M. 108 
A ami i« Irrhlc, 

(s) Ti'rrcis a "Ight henase horn a minitnora at ahoui 7 l“.M. ton very feeble 
inasiroun hctvrtn to I'.'l.and roidn'glii, ami altcrv.ards a slight decrease 
:o a morntt't; tninimim from .ihout 6 A..'t. to S 

(5i The air nw' rmsm increa"s ftoru S A.'t. to 3.30 P.M. anil decreases from 
3 - 3 o!'.s| to 7 r.n., and the .amphiiide ohhis oscillation relalhcly to the 
rac.in air movcta'-ni i- targe ami attoiigly pronounced. 

(4) Tim Imre.', of the air movement orttiis chiclly during the interval from 

? A.’l.w r.rrinamlthcdcctca'cfrnm^ I’.Jt. to? I’.n- The rate ol dccitasc 
IS 1 er.ce ceimtvh it larger th.ao ibai ol incitase. The former Is a inavlnmm 
from S to 9 A.'.l., and the laiiet trem 3 t’.st, to 7 1’.M. The mean roast- 
ttiuin ail roovcinrni.at c-jor-Jt-isihicc lirocs.as great .as the moan mim- 
muro at 7 f'-st- or 8 A.M. 

(5) The mean air movement and the amplitude of the diurnal variaiinn Increase 

from wft to c.ast as fat .as the eastern districts of the North-Wetem Pto\ • 
inces and (probably) South Rtbat. 

I r c eonridi tsiion of til' data ol the strong hot winds ol M.ay 1894 (given in page 
tyf) rliov' that ihc chid lc.a!urrj of the diurnal v,aiiatu)n td the strongest hot winds in 
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the Gangetic Plain are the same in general character as those of the mean tvtnds of the 
months of April and May. The absolute mariimum air movement occurs at about 2.30 p.M, 
on the average and the absolute minimum from S to 10 P.M. The velocity increases 
slightly and irregularly during the next three or four hours, and thence falls again to a 
secondary minimum occurring between 5 and 8 A.M. The contrast between the feeble 
night winds and the strong winds in the middle of the day is very marked and is much 
greater than in the mean winds of the period. Curves representing the diurnal variation 0! 
the mean air movement in January and April for stations in Northern India are ^ven in 
Plate XXVI. Also, curves exhibiting the mean diurnal variation of the ait movement of 
the selected days in May 1894, representative of the strongest hot winds, are given 
in Plate XXX for three plains stations in Northern India and the corresponding air move- 
ment at Darjeeling. The comparison of these curves with the curves of the mean air 
movement in April, which are also given in Plate XXX, is very instructive. 

The chief points which require explanation in the mean winds of April and May and 
the strong hot winds of the same period are hence — 

1st . — The large day oscillation from 8 a.m. to 7 P. M. 

a»rf.— The feeble night oscillation. 

The feeble night oscillation, it may again be noted, although very slight, is a regular 
feature of the mean air movement of the period, and is very marked in the strongest hot 
winds, as may be seen from the curves of Plate XXX (hgures i to 4). 

We have m the first place to correlate the diurnal variation of the mean winds in the hot 
weather with the corresponding variations of the meteorological elements of pressure 
or of temperature, and then to ascertain, so fat as possible, the causes or nature of these 
relations. 

The diurnal variation ol the pressure gradients in the direction of the axis of the 
Gangetic Plain is well marked. In Plate XXXI are plotted curves representing the 
diurnal variation of gradients for the months of January and April as shown 

(1st) by the pressure differences between Allahabad and Lucknow, 

(2nd) by the pressure differences between Allahabad and Roorkee,. 

(3td) by the pressure differences between Roorkee and Lahore, and 
(4th) by the pressure differences between Allahabad and Lahore, 

and in Plate XXXII are pven the mean hourly actual pressure gradients between Allaha- 
bad and Lucknow, Allahabad and Roorkee, Roorkee and Lahoie, and Allahabad and 
Lahore for the mean days of January and April. A reference to the data given in Tables 
XVI and XVII, or to the curves in Plates XXXI and XXXII shows clearly that the diurnal 
variation of gradient has a double oscillation in each month, and that the maximum values 
in April occur at about 3 a.m. and 4 P.M. (absolute Calcutta time), and the minimum 
values at g A.M, and from 7 P.M. to 10 P.M. 

The morning minimum is strongly marked, and the mean pressure gradient between 
Lahore and Allahabad at that time (g A.M.) is nearly evanescent. The lollowing gives ' 
the mean maximum and minimum gradients down the Gangetic Plain and the hours 
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of tfaeir occurrence, as - determined from the pressure differences of AUahahad and 
Lahore 
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A comparison of these figures with the mnan wind data shows — 
tst , — Winds in their diurnal variation increase most rapidly from 7 A.M. to 9 A.M., 
and hence at the time when the mean gradients between Lahore anil Allaha- 
bad are smallest in amount and in fact almost nil, 

Snd , — Gradients are steepest during the mean day of April at about 4 P,M., i.e., 
about two hours after the winds are strongest and immediately antecedent 
to their period of most rapid decrease from 4 P.M. to 6 or 7 P.M. 

3rd . — ^The gradients are as steep at 3 A.M., when winds are very light, as they are 
at 4 P.M., shortly after the day maximum of the air movement. 

The preceding data hence indicate that the diurnal variation of the pressure gra- 
dients and the horizontal air movement in the Gangetic Plain during the dry monsoon are 
not directly related as cause and effect, although the gradients undoubtedly contribute to 
some extent to the movement. 

We have next to consider the relations between the diurnal variation of the tempera- 
ture conditions and the intensity of the hot winds of Northern India in April and May. 
Air motion, as dependent upon temperature, is, it may be premised, not a function of 
temperature, but of temperature differences in their relation to space or time. It has 
been shown (in page 1 74) that the mean or maximum temperatures during the months 
of April and May and the diurnal ranges of temperature are almost identical in amount 
over the whole of the Gangetic Plain, r,e., the area in which the hot winds under discus- 
sion obtain. The mean temperature conditions in the Gangetic Plain are hence not 
directly related to the intensity of those winds. It has, however, been shown (siVe 
Table XXI) that, although the differences of the mean temperature of the day or of the 












800 


THE HOT winds OF 


temperature at a given hour, local time, at stations in the plains of Northern India are small 
In amount, the actual differences at the same absolute instants during the day vary very 
considerably ; and that the horizontal temperature gradients are large in amount during 
the morning hours from 7 or 8 A.M, to a or 3 P.M. 

The actual or absolute temperature gradients in the months of January and April 
are indicated by the data of Tables XX and XXI {^{d& pages 189-190) and are for easy 
reference charted in Plates XXXIII and XXXIV in two forms : ist, as actual differences, 
and 2nd, as rates of increase or decrease mth distance expressed in terms of a unit of 
rise of one degree per 100 geographical miles. 

The following gives the maximum and minimum temperature differences between 
Allahabad and four stations in the North-Western Provinces and East Punjab during the 
mean day of April and their epochs (mean Calcutta time) : — 
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The absolute maximum temperature differences in (he Gangetic Plain are at 1 1 A*M 
and the absolute minimum at 8 P.M. The secondary maximum differences are at about 
9 p.M. and the secondary minimum at about 5 a.m. 

The following gives the maximum and miniroum temperature gradients per hundred 
miles of distance during the mean day of April for the five pairs of stations 
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The mean maximnm and minimum temperature gradients down the Gangetic Plain 
during the mean day of April and the hours of their occurrence are 


PlIASB. 

^fomtng minimum 


Do. maximum . 

, , 

Evening minimum 

, 

Da maximum 

- 














NORTHERN INDIA, 


SOI 


The gradients have hence a double oscillation. The increase of gradients in the 
morning is due to the earlier heating of the ground surface and superincumbent air by 
the solar action at the eastern than the ^vestem stations, and the decrease of the gra- 
dients from a to 6 P.M. to the reverse action in the afternoon, vis,, the earlier cooling 
of the air at the eastern stations. The increase between 8 and lo p.m., which it will be 
seen is shown over the whole area from Allahabad to Lahore^ is due to the fact that the 
rate of cooling of the air has its maximum value at 6 to 7 P.M. (local time), and that it 
diminishes rapidly in amount during the next three hours, as is shown by the fol- 
lowing data 



Hence, considering two places, one of which is fifteen degrees, or one hour of time, 
to the west of the other (subject to the laws of diurnal variation given for Allahabad 
and Lahore in the last table), whilst temperature at the eastern station on the mean day 
in April was decreasing 3'^5 between 7 and 8 P.M., it would be decreasing 3®'7 at the western 
station during the same interval of time (corresponding to the period between 6 and 7 P.M, 
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local time). Similarly whilst it was decreasing 2°'5 at the eastern station between 8 and 9 
P.M., it would be decreasing 3°‘2 at the western station during the same interval (corre- 
sponding to that between 7 and 8 p.M, local time). The differences of temperature, in the 
case when the eastern station is warmer (as in Northern India), would hence increase to a 
slight extent during these hourly intervals, due to the greater fall at the western than the 
eastern starion. The relative differences of temperature would hence increase during 
the evening hours, and similar considerations show that they would decrease slightly 
during the early morning hours, thus giving rise to an oscillatory change of small ampli- 
tude. This second or night oscillation, due to the varying rate of change of temperature, 
is, like the first, a result of the considerable differences of longitude of stations in the 
Gangetic Plain. It is evident that the actual temperature differences can be obtained most 
easily by taking the curves of Allahabad and Lahore and displacing the latter to the right 
by an interval of thirty minutes conesponding to the difference of longitude of the two 
places as is done in figure 5, Plate XXX, and similarly for the other pairs of stations for 
which curves ate given in figs. 6 to 8 of the same plate. 

The correspondence between the temperature gradients and the diurnal variation of 
the wind is very marked, as is shown by the following comparison : — 

fi) The temperature gradients and the air movement have each a double oscilla- 
tion during the day, Jirr., a strongly-marked day oscillation and a feeble 
night oscillation. 

(2) The epochs of the maximum and minimum values of these two elements are 
also directly related. The following gives data for comparison : — 
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The preceding data show that the epochs of the maximum and minimum tern- 
perature gradients in every case precede those of the corresponding epochs 
of the diurnal ait movement and by nearly equal time intervals. 

(3) The rate of most rapid increase of the air movement in the morning is be- 
tween 8 and 1 1 A.M. and coincides with the epoch or period of the greatest 
temperature gradients, and the rate of most rapid decrease is between s P M 
and 8 P.M. and is hence simultaneous with the period of minimum temperature 
gradients. ^ 

There is hence a clearly marked relation between the variations of the temperature 
gradients and of the air movement in the Gangetic Plain during the day, and it is hence cer- 
tain that the temperature conditions play an important part in determinin th 
movement. ^ ® 

Another feature, parallel with the large day oscillation of the temperature gra- 
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dients, is the difference of temperature between the ground and the air at 4 feet above 
the surface. This varies very considerably m amount^ and is subject to a day 
oscillation of large amplitude. 

Data have been ^ven in pages 19S-6, showing the large increase in the vertical 
temperature gradients near the earth's surface from January to May when they have 
their maximum value in the Gangetic Plain. 

The following data, derived from observations taken at Allahabad, Jeypore and 
Lahore, m the year 1894, illustrate this feature more fully 


Table XXV — Differences beivteen ground surface iemperature and temperature oj ike atr 
four feet above the ground 



The preceding data indicate that the surface is always cooler than the air at 4 feet 
above it during the night and early morning hours in the dry monsoon. The vertical 
temperature differences are, so far as can be judged from the data, very uniform during 
the night hours, and at different places. Thus, at Allahabad the differences average s^'S 
during the night and early morning hours, and at Lahore they are the same m average 
amount. The hourly differences increase rapidly in the hot weather from 8 A.M.to about 
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noon, and the maximum diurnal differences increase very rapidly with the season from 
January to May. Thus at Ailahabad the a P.M. differences increase from f in January 
to 33° in May, and at Jeypore the lo A.M. differences increase from an average of is'-S 
in January to 35°'5 in April. 

The Lahore data are very interestirg, as they show that the ground is, on the average, 
cooler throughout the whole day than the air at 4 elevation during the months of 
Deirember and January (as is also the case in November). It is not possibie lo decide 
from the available data whether this is a mere local peculiarity or whether it is a general 
condition of the month _ in the North and Central Punjab. Considering the extreme 
lightness of the winds in that area in January, it is most probably a general condition. 

1 have, whilst this paper was passing through the press, been furnished, by the kindness 
of Surgeon'Colonel T. H. HendIey,Superinlendentof the Maharaja’s observatory, Jeypore, 
with a series of hourly observations of the ground surface temperature at that station. 
The following is a summary of these data for the first five months of the year 1885 : — 


Mean difference of temperature betmeen the ground surface add the air four feet above the 

ground at Jeypore. 
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The preceding data are for apparent mean time. They are interesting as they show 
that the greatest heating of the ground occurs very approximately between noon and I P.M. 
and that the difference between the temperature of the ground surface and of the air at 
4 feet above is very large in the hot weather and probably occasionahly exceeds 50° on 
the most favourable days. 

The temperature conditions near the earth's surface in the hot weather during the 
day horns are such as are incompatible with stable equilibrium. Convective action is 
hence an essential feature of the air movement during the day hours. The intensity 
and volume of the convective motion increase’from January to May. It has a strongly 
marked diurnal variation as it commences about 8 or 9 A.M., attains its maximum .about 
noon or i P.M. and decreases until about 5 or 6 P.M., when it ceases in the lower strata. 
The intensity, and therefore the height of the convective movement, increases during the 
morning hours, and hence the corresponding down-rash brings air from higher and increas- 
ing elevations. This is undoubtedly one cause of the increase of velocity during the 
morning hours. ' The diurnal variation of the convective movement hence runs parallel 
with that of the horizontal air movement in the Gangetic Plain, and is evidently either 
directly or indirectly related to the vertical temperature differences or gradients in the 
louest air stratum, as measured by the methods employed above. 











northern INDIA. 


20S 


A feature of the temperature conditions closely related to the above is the rapid 
decrease of temperature with elevation in the lower atmospheric strata during the day 
hours in the Gangeiic Plain. This feature has been fully dealt with {so far as that was 
30 ssible with the available data) by Hill, No further data have been obtained sincU) and 
liis conclusions give the whole of the present information, and are summarized below: — 
/sA— The decrement of temperature near the ground on fine clear days is most 
probably more rapid in India than in England. 

2nd . — The temperature at the hottest time of the day decreases r'4 Fahr. between 
4 and 40 feet of elevation from the ground at Calcutta in the most 
serene months, or at the rate per 1,000 feet. 

3rd . — The temperature decrement with elevation is probably greater in Central 
India and the Gangetic Plain than in Bengal, 

As .this rapid decrease of temperature in the lowest stratum is an immediate effect 
)f the heating of the earth’s surface, it is probably most satisfactory to adopt the actual 
emperature difierences between the ground and the air at 4 feet above it as a rough 
neasurement of the intensity of the actions which give rise to the convective movements 
hat occur during the hot weather period. 

A consideration of the curves in Plates XXVI and XXX, giving the diurnal variation 
if the winds at stations in Northern India, indicates most clearly that the mean air move- 
nent in the hot weather, and also the air movement of the hot winds, is cumulative 
lown the Gangetic Plain and reaches its greatest intensity probably in the eastern 
llstricts of the North-Western Provinces and Central or South Bihar. It is hence evident 
hat a large proportion of the motion must be due to forces or actions which have a 
umulative or accelerating effect in a horizontal direction from west to east. This portion 
A the motion cannot be explained by a general descent of air (say from 10,000 feet) over 
he Gangetic Plain. This accelerating movement down the Gangeiic Plain to Central 
lihar is an immediate consequence of the fact that the latter area is a thermal sink. It 
s the hottest area in the Indo-Gangetlc Plain in April and May, being hotter than all 
keighbouring areas throughout the whole day, the tempemture gradients towards it varying 
onsiderably during the day in consequence chiefly of longitude differences. As a result 
! the permanent high temperature in April and May, pressure is slightly lower in fhis 
rea than elsewhere in Northern India, and there is a more or less regular cyclonic circula* 
ion over it, as is shown by the following mean wind directions for April and May : — 
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Temperature is slightly higher in Central Bihar and the eastern districts of the 
North-Western Provinces in the months of March, April and May than in Bengal, or in 
the western half of the Gangetic Plain or the Punjab. This feature is most pronounced, 
It may be noted, when the hot winds blow most strongly. This hot area is also the goal 
or centre of the wind aspiration of the period; westerly winds blowing down the Gangetic 
Plain, southerly winds in South and West Bengal, and easterly winds in North Bengal 
and Assam towards it. 

The depression in the sink and the gradients in the neighbourhood are undoubtedly 
small in amount, but this is a characteristic of low pressure areas or sinks due to purely 
thermal actions or temperature differences, in which there is no increase of energy due to 
the condensation of aqueous vapour, as, for example, in the ymii: permanent sink in Sind 
during the period May to September, due to the high temperature over Upper Sind, and 
more especially the .Kachhi desert. The Central Bihar and Chota Nagpur thermal sink 
is very persistent during the hot weather. 

The preceding remarks indicate that the hot winds of the Gangetic Plain are directed 
towards a thermal sink or area of persistent high temperature and low pressure. The 
dynamics of a hot area (relatively to neighbouring districts) have been worked out more 
or less fully by various meteorological writers. Over any large area in which temperature 
is higher than in neighbouring districts, there is necessarily a large vertical or ascensional 
movement of the air in addition to general expansion or to rrtegulai local convective 
movemmts. The uptake over the hot area determines or accompanies an outflow above 
and an inflow belorv. The whole of this movement gives rise to an area of slight barome- 
tric depression in which a cyclonic circulation of greater or less regularity obtains. 

In the present instance, the hot area is the field of a persistent cyclonic circulation 
tiuring the months of April and May, the intensity of which has a marked diurnal varia- 
tion. This variation, ol course, depends to a large extent upon the fact that the temper- 
ature gradients in the Gangetic Plain differ very considerably during the day. It has 
already been shown that the intensity of thewindsin the Gangetic Plain or of the indr ht 
down the Gangetic Plain towards the hot area and the temperature gradients go through 
a double oscillation daily, and that the period and amplitude of the oscillation of the tem- 
perature gradients correspond to those of the air movement, and are hence probably relal'”d 
to the latter as causes. Experience in India has established that the gradients in th ^ I 
depressions, in which there is little or no formation of cloud, are almost invariably feehi™ d 
the Smd depression during the hot weather months is a striking example of this fact^ Tb 
smallness of the depression in the Central Bihar hot area is hence an evidence of P 
bablo origin, w>., as a thermal sink. “ 
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An important effect of the diurnal variation of temperature is an expansional move* 
ment during the period of increasing temperature and a contractional movement during the 
period of decreasing temperature of the whole mass. of air over the land area in the 
tropics. This effect of the sun*s heat on the lower atmospheric strata is frequently des- 
cribed as the transmission of a wave from east to west. It gives rise to an oscillatory 
movement of the atmosphere in the vertical direction, and hence to the transmission 
of a wave of condensation and rarefaction from east to west. 

There are several points in connection with this movement, the discussion of which 
will help to elucidate the phenomena and causes of the hot winds in Northern India. 

If the whole of the solar heat during the day were absorbed by the atmosphere, and 
absorption were proportional to density, it would in the tropics raise the temperature 
of the whole depth of atmosphere by about 8* C. As only one-fourth of the sun*s heat 
is absorbed in its progress through the atmosphere, the result of the absorption of that 
amount of heat during the day on the preceding supposition would be a total dmly increase 
of temperature of s** C- or between 3^ and4^ Fahr., which is very nearly the diurnal temper- 
ature variation of the air over large sea areas in the tropics during fine clear weather. 

The diurnal range of temperature at and near the earth’s surface is very much 
greater, averaging 27*" Fahr., near the earth’s surface in the Gangetic Plain during the hot 
weather. It diminishes upwards to a total of perhaps 3° or 4* Fahr. The additional heat 
required to increase the temperature of the mr near the ground to such an extent as to 
give a diurnal, range of 27*’ is derived indirectly from the sun through the action of the 
earth's surface. This increase of temperature (vfs., of 27*^ between 6 A.M. and 2 P.M.) 
would in the Gangetic Plain, if the air were not permitted to expand in any direction, 
give rise to a large increase of pressure, averaging nearly two inches in amount. No 
such increase of pressure actually occurs. 

The large diurnal increase of temperature between 6 A.M, and 2P.M., averaging nearly 
27°in thedry monsoon in Northern India, takes place under various meteorological con- 
ditlons. For example, in the month of November it accompanies very feeble air movement 
over the whole of the Punjab and North-Western Provinces, the total amountin 24ihours, 
as registered by the anemometers in use at the observing stations over the whole of that 
area, being frequently less than 20 miles in 24 hours. The large diurnal variation of temper- 
ature and leadjustment of pressure hence occur for a considerable period of the year with 
little or no horizontal air movement. It may, on the other hand, as during the month? of 
April and May, be associated with very large and rapid horizontal air movements. The 
readjustment of the pressure conditions in the lower atmosphere following this diurnal 
temperature disturbance however takes place as rapidly and fully on the days of the 
feeblest, as on those of the strongest, horizontal air movement in the dry monsoon, and 
hence must be mainly and primarily due to movement in the vertical direction, which 
may be either expansional or convective. Convective movements undoubtedly occur very 
largely during the hot weather months, but they are almost entirely absent in the months 
of December and January in Upper India. It is hence certain that the only form of move- 
ment, on the large scale, over the whole of Northern India, which invariably accompanies 
the daily heating of the lowest strata of the atmosphere by the direct and indirect action 
of the sun is expansional, and that it is fay this movement that the readjustment of pressure 
towards equilibrium of the lowest stratum of the air, disturbed by the large changes of 
temperature conditions near the earth’s surface, is mainly effected. 

• < 0,000 0 
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As already stated, the increase of temperature of the lowest stratum ol air nearest the 
earth’s surface between 6 A M, and a P.M,, would, if there were no movement in any direc* 
tion, increase the pressure by over two inches. Pressure actually decreases by moderately 
small amounts, averaging about a tenth of an inch, during that interval over the greater 
part of Northern India. This actnal changers only J per cent, of the change possible 
under the condition stated above, and is in the opposite direction. Neglecting this.small 
change at present, it is certain that the diurnal rise of temperature accompanies or is fol- 
lowed by an upheaval of the isobars, and that the air between the surface of the earth and 
any isobar of given value increases in thickness or elevation during the morning hours. 
The actual expansion of any given mass of air, the upper surface of which is dehned by a 
given isobar, can be calculated on suitable suppositions. It is probably small in amount, 
not more than a few hundred feet for a thickness of three or four miles of air. This 
movement takes place so slowly during the coarse of several hours that it does not affect 
the pressure at and near the earth’s surface, which is hence, so far as this movement is 
concerned, measured statically by the gravitational effect of the mass. Hence this expan- 
sional movement does not affect pressure directly. It however affects pressure indirectly 
by giving rise to horizontal air movements whi ch increase or diminish the mass of air over 
a given portion of the earth’s surface according to its position with respect to the heated 
air. As the expansional movement is cumulative for several hours, and hence unequal 
in total amount at places in different longitudes at the same instant, it modifies the 
shape of the isobars, so that they deviate more and more from the surfacesiof equal poten- 
tial for the gravitational force of the earth, and there hence result movements down the 
slopes of the isoban'c surfaces. 

The effect of this increase of temperature near the earth’s surface in the earlier morn, 
ing hours (7 to g A.M.) is probably chiefly expansional, and hence occurs with little or 
no change of pressure. The expansion however modifies the isobaric surfaces in the higher 
regions so that they are no longer surfaces of equilibrium lor the gravitational forces and 
hence the air begins to move away from the area of increasing temperature in the higher 
regions, and since a similar effect has already been set up to the east and is still in progress 
this occurs chiefly to the west. This outflow gives rise to a general local decrease of pressure 
and also tends to increase the expansional movement and to set up an uptake or ascensional 
movement over the area of rapidly increasing temperature. This goes on with increasing 
activity until the time of maximum temperature during the day or shortly afterwards 

The horizontal movements described above follow as a result of the expansional 
movement and may hence be described as secon dary effects. Their tendency is to diminish 
the mass of air over the heated area, and hence to decrease pressure to a slight extent 
The general effect of these movements is to give rise to a wave of low or slightly deficient 
pressure over a considerable breadth of country near the crest of the heatwave and to a wave 
of slightly increased pressure at some distance in front and also to another in the rear 

It is important to note that the air movement due to these actions occurs chiefly in 
the higher atmospheric strata, and that it is probable any secondary effect, such as e ? 
change of pressure due to this movement, Will be small. ’ ’’ 

It is hence clear that neither a high temperature nor a large diurnal range of temnera- 
ture is necessarily an effective cause of horizontal air movement near the earth’s surface 

In the dry weather months of January to April and May when skies are generally quite 

free from cloud, the conclusions stated above apply directly to the pressure conditions 
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It IS not necessary to work out this part of the subject in more detail in the present 
paper. The main object of the preceding remarks is to show that the large diurnal 
changes of temperature give rise in the first place to a series of waves advancing in a 
westward direction through the atmospherei due to condensation and rarefaction of the 
whole mass of the atmosphere^ and that the passage of these local waves does not affect 
he pressure of the air near the earth's surface directlyi but only indirectly by giving rise 
to movements chiefly in the higher atmospheric strata which at one period of the day 
increase and at another decrease the mass of air over any given portion of the earth's 
surface to a comparatively small extent and hence alter pressure only to a slight 
amount. 

It is also important to consider the pressure effects of the small but numerous con- 
vective movements set up by large local horizontal and vertical temperature differences 
or gradients. In consequence of the unequal heating of the ground and hence also of the 
superincumbent air, small convective movements are originated. The upward move- 
ment of such currents is frequently made visible by the dust carried up. These local 
convective movements, when they are rapid, arc known as dust-whirls, devils, etc., 
in Northern India and are exceedingly common In the Gangetic Plain in April and 
May, more especially in the morning hours from about 9 to noon. It is certain that 
these upward movements form only a portion of the total convective action, and that 
there is much downward movement corresponding in character and amount to the 
upward movement. The total amount of the upward movement during any interval 
over any given large area probably differs little from the total downward movement. 
The effect of the rising portion of any of these convective movements in dimi- 
nishing pressure at any point at a considerable distance from it, is almost certainly 
partially, if not entirely, counterbalanced by the effect of the downward movement of the 
other portion of the convective flow. Hence also the total pressure effect at any instant, due 
to the numerous convective whirls in progress in the neighbourhood of any place, will be 
practically nit. It is probably due to this that the diurnal changes of pressure proceed as 
regularly and smoothly in the hot weather as in the cold wreather months in the Gangctie 
Plain. In fact, the traces of the autographic itistnimcnts at Calcutta or Lahore on days in 
the hot weather, except those on which thunderstorms and duslstorms occur, are as 
smooth and regular as the curves obtained from long series of observations, smoothed 
by Bessel’s formula. Although these convective movements do not modify pressure, 
they have an important effect on the horizontal air movement, as the air rising up is 
replaced by air from above with a greater horizontal velocity than that which it replaces. 

These convective movements hence tend to increase considerably the lower ait 
movement, although they do not increase the lower air pressure or gradients. This result 
is in accord with the experience that the dry hot winds are not directly related to the 
horizontal pressure gradients at the level of the earth’s surface. 

It may be further pointed out that some of the preceding conclusions have an important 
bearing upon the formation of low pressure areas. In the initial stage it is probable that 
there arc numerous small upward movements. In such cases there is little or no 
perceptible pressure effect at the surface of the with. If these upward convective move- 
ments increase in volume and amalgamate or extend over a large area, a general fall of 
pressure begins, and a low pressure area forms and develops until it attains a maximum 
intensity determined by the various conditions and actions contributing towards its growth, 

• VOL, VI. s ^ 
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The preceding remarks have indicated roughly the general manner in which pressure 
is modiGed in Northern India by certain temperature conditions and the resulting air move- 
ments during the hot weather. 

The mean aqueous vapour pressure data, showing the diurnal variation between 
lo A.M. and 4 P.M, in the month of April, given in page i8o, indicate that the amount 
of vapour at stations in the Gangetic Plain decreases during the day hours from 9 A.M. to 
about 3 P.M., and afterwards increases, and that this oscillatory change is of moderate magni- 
tude. The westerly movement down the Gangetic Plain transfers air from the drier to 
the more humid districts, and hence tends to diminish theaqneous vapour pressure during 
the day hours of large air movement. The decrease of the aqueous vapour pressure 
is, relatively to the actual amount, considerably greater than the decrease in the air 
pressure due to the expansional and convective movements accompanying the large day 
increase of temperature. The preceding suggestion accounts for a portion of the change, 
but probably less than a halt as stated in page 176. A comparison of the actual vapour 
pressure data ol Allahabad and Patna for the 7th of May 18S3 (vide pages 193-4) wfh Ihe 
average or normal data for the same stations shows that the normal data omit some of the 
most characteristic features of that element of observation on days when the hot winds ’ 
blow strongly. 

For example, in North and Central Bihar (represented by Patna) an alternation 
ol westerly and easterly winds, such as frequently obtains during the day in May, is ac- 
companied with very large and rapid changes of the aqueous vapour pressure at the 
critical hours of shift of wind from a land to a sea direction and vice vcrsi. Again the 
data cl the 7th of May 1883 establish that an important feature at Allahabad is 
the rapid Guotuation of the aqueous vapour pressure during the day, indicating that the 
moving air in its passage over the observatory varies very largely and rapidly in its 
hygrometric state. The air is hence, during the day period when convection is most rapid; 
very imperfectly mixed, masses of air of different hygrometric conditions being frequently 
in close proximity and passing in rapid succession over the place of observation. 

The usual explanation of the decrease of aqueous vapour pressure during the day 

hours from 9 A.M, to 3 P.M. at Allahabad 'and other stations in the Gang-tic Plain is 
that the air brought down by the convective actions or processes is much drier than 
the rising air it replaces. But the ordinary explanation given of this process is not quite 
satisfactory. If, as is apparently assumed, the convective movement is under ordLry 
conditions m the hot weather in Northern India (, -.a., on days when skies are clear and 
no cloud IS formed), except over the higher snow-clad elevations of the Himalayas, 
practically a eycl, cal process it ,s not easy to account tor the descending air in this 
approximately perfect eyclieal process being so much drier than the ascending air at the 

rL™hLr • ^ ^ is, that there is, during 

the hot weather penod, an air movement from the Himalayan region at such an ele 

As has been in the preceding paragraph, the air movement between the 

Himalayan area and the Gangetic Flam may be an important factor of the general air 
movement over Northern India during the hot weather period. The following gives the 
results of my observations of that movement at Simla. During the day hdurs Lre is a 
general movement from the south across the lower hills up to the Lt line of and probably uj 
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to the central mass of the snows. The true character of this movement is shown by the 
daily formation of cloud jn fine weather over the first line of snows which commences be- 
tween g to lo A.M.» as seen, from Simla. The cloud increases in thickness for some 
hours, and extends southwards towards the plains to which it is evidently drifted 
by an upper return cunent. 

The cloud begins to decrease in amount in the afternoon about 3 P.M., and the 
snows, which are almost invariably concealed by clouds in ordinary fine weather from 
10 A.M. to 4 P*M., again become visible a short time before sunset* The diurnal varia- 
tion of the strength of the winds and the formation and movement of clouds in the 
Himalayan districts during the hot weather are strongly in favour of the supposition 
that, during the day, there is a flow from the plains to the hills in the lower atmosphere, 
partially or completely compensated by a return movement from the hills to the plains 
in the middle or higher atmospheric strata, and that the uptake, by which the lower air 
movement is changed into an upper return current, occurs chiefly over the higher snow 
ranges. 

The chief cause of this circulation during the day hours is probably the rapid heating 
of the ground surface and adjacent atmospheric strata in the lower hills below the level 
of the permanent snow line above which the solar action has little effect in increasing tem- 
perature. Other actions contribute, as, for example, the probably relatively higher pressure 
during the day hours at the same level over the snow-clad surface of the inner Himalayas, 
than.at the same level over the plains. 

The interchange of air between the hills and plains in Northern India during the night 
hours is the opposite to that of the day hours; in other words, there is a general movement 
in the lower strata from the hills to the plains and in the higher strata from the plains to the 
hills. The air cools down more rapidly over the hills than over the plains, and it hence 
drifts down towards the plains, where itthen merges into the feeble easterly drift of the 
plains. The movement from the higher to the lower levels is strongly marked in the 
valleys, especially in those of a funnel shape. The up per return movement is indicated by 
theory and confirmed by certain special features of the temperature conditions at the 
hill stations. 

In addition to the above movement which is common to the whole Himalayan area, 
there is a special action in the Sikkim hill district These hills are to the north of the 
permanent hot area in Central Bihar, over which there is a large general ascensional 
and descensional movement during the day. The descensional movement is accom- 
panied by a very strong flow from the Sikkim bills, and hence the extraordinarily 
strong winds recorded in the late afternoon and evening hours at Darjeeling as indicated 
by the data in page 178. 

It is, so far as I can judge, almost certain that the variations of the amount of aqueous 
vapour pressure present do not contribute directly as a cause to the air movement of 
this period. These variations, however, undoubtedly serve to indicate to some extent the 
character and direction of the air movement, more especially in the higher strata. 

The discussion has hence established that the air movement in Northern India 
during the hot weather is a result of the following conditions or actions 1— 

air movement is in part due to a persistent shallow low pressure area 
of relatively high temperature in Central and South Bihar, Chota Nagpur 
and the eastern districts of the North-Western Provinces, its origin and 
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maintenance being due to thermal actions. The gradients in the Gangetic 
Plain due to this are small but nearly constant in mean amount during the 
period Irom J anuary to April or May , and have a vjett marked drumal ’variation. 
The part of the air movement due to this cause is probably directly related 
to the gradients. The relation could probably be ascertained from the 
consideration of the air movement in the Gangetic Plain on selected days in 
the months of November and December. 

zni . — The air movement in the hot weather is in part due to convective actions, by 
which air with greater velocity is brought down from above to replace air of 
less velocity rising from below. This part of the air movement has no rela- 
tion to the horizontal pressure gradients, and is probably related chieSy to 
the temperature gradients in the lowest stratum or the diflerence between 
the ground-surface temperature and the temperature of the air at a given 
elevation, as for example, 4 feet 1 but it may be dependent to a slight extent 
upon the amount of moisture in the air and other causes which affect its 
buoyancy. 

yz'd. — The air movement in the Gangetic Plain is also modified by the presence of 
the neighbouring mass of the Himalayan mountain ranges. There is a 
considerable interchange between the plains and mountains which not 
only varies largely in volume and intensity during the day, but is also 
oscillatory in character, the movement in the night hours being opposite 
in direction to that of the day hours. It is possible, if not probable, that 
in virtue of this movement there may he an. indraught ol dry ak (tom 
Thibet to India during the day in the hot weather and if so, this indraught 
will explain certain anomalous features in the diurnal variation of aqueous 
vapour pressure in the Gangetic Plain. 

The discussion has also shown that on the days when true " hot winds" obtain in 
the Gangetic Plain, the temperature and pressure conditions are similar in character to 
the mean conditions of the month the relations of which to the mean winds of the period 
have been fully stated, but are more intense and massive. Thus it has been proved— 

«<.-That the temperature in the Bihar thermal sink is excessive at such times 
and maybe from 10’ to ta” above the normal temperature of the period. 

^«rf.-That the temperature gradients down the Gangetic Plain and between the 
Bengal coast and Central Bihar are considerably ‘greater than the 
normal. 


jrd.-That the barometric depression in Bihar is more strongly marked than usual. 

That the vertical temperature gradients are considerably steeper than usual. 
5«.-That the convective mojements, as indicated by the air movement at 
Darjeeling and other hill stations, are more vigorous thap usual. 

The only important difference between the normal pressure condition, of the hot 

tiards to the foot of the hills in Bihar and North B displaced north- 

vinds usually obtain under these conditions over nearly^ the whl^fNttnln^ 
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India, The gtadients alter so quickly during the day that it is not possible to judge 
of their character and diurnal variation from mean data or the data for one hour 
8 A»M.). Hence the necessity for additional data. It will probably be possible by hourly 
simultaneous observations taken at short intervals at a considerable number of stations 
to obtain accurate data of the meteorologi^l conditions accompanying these windsi and 
arrangements have been made to obtain such data during the next two years. The accu- 
mulation of data will, it is hoped, not only throw further light on the phenomena of these 
winds, but also enable the intensity and effect of each of the actions or factors contribut- 
ingto their strength to be separately estimated and the relative importance of each factor 
to be gauged. 




K—An ticcstinl cf a sterm dcvelefei in Eqiialerial Regions, ty W. L. DALLAS, ESQ., 
Assislaiil iVeteoro/ogical Reporterio ike Gmrnmenl 0/ Jtidia, 

H ere in India, nlierc the study of cyclone formation and development has been 
folloivcd with the greatest, minuteness under exceptionally favourable conditions, con- 
densation phenomena have been shoum to exert an altogether ovenvhelming influence on 
the production and formation of cyclones. In all cases of cyclone formation certain 
antecedent conditions have formed an invariable adjunct to the appearance of a cyclone. 
These conditions ate found vhen from any cause is produced an area of uniformity 
oi pressure, of gentle winds, local rather than general in their character, over a region 
where constant evaporation can proceed unchccltcd. Hence Mr. Eliot has laid it down 
as a general principle " that if over any area of constant evaporation there is not for 
any considerable time an atmospheric current of sulHcient intensity to carry oft the 
aqueous vapour as fast .as it is produced condensation must occur over the producing 
area, and also that the process of evaporation and subsequent condensation will be 
accompanied with the formation of an area of diminishing atmospheric pressure.” 
Such arcashavc consLantly been shown to exist prior to the appearance of cyclones both 
in the Arabi.an Sea and in the Bay of Beng.il, and within them has proeeeded a constant 
process of absorption of heat and consequently of mcchanicdl energy by the overlying 
atmosphere. It is possible of course to argue that within such .in area, there being 
no horitontal onlflow for the accumulating aqueous vapour, over a uniform surface like 
the water surface of the Bay of Bengal, the' evaporating effect of the solar heat might 
theoretically be equal throughout, that the air within such a region might ascend to a 
uniform height throughout, and that condensation of invisible aqueous vapour into visible 
cloud might occur .it the same level throughouL Could such a condition actually occur 
it would probably be a requisite condition of cyclone formation that a force analogous 
to the explosion of .1 charge of gunpowder by a cap should give an impulse to .1 
particular portion of the system in order to ceniraliac the potential energy contained in 
the atmosphere. In practice, however, this dead level action never occurs, but the uni- 
formity is broken up by slight local irregularities of which the less important form the 
foci of the small squalls which nrc Irequcntly experienced during the period preceding the 
appearance of a cyclone, and the most important forms the centre of the main cyclone. 
The bite Mr. Btanford supposed that the actual lonnalton (of a cyclone) is finally deter, 
mined by the inrush of a saturated stormy current from the south-west. This supposition 
is almost ccrUiloly incorrect, as there can bo no question that however powerful may be 
the effect of such a current on the maintenance of 0 oncc-fornted cyclone the Inrush 
of a stormy current during the period of genesis of a cyclone c.innai be other ’than fatal 
to the initiation of a storm in wliaicvcr manner wo may suppose this to originate. 

As opposed to the above it would .appear that the ordinary assumption as 
to the conditions antecedent to the appc.ir.incc of a cyclone as described by 
Profc.ssor Fcrrcl and other American meteorologists is briclly as follows:- A general 
uniformily of pressure anil quietness in the almosphctc over the sea surface. Light 
local breezes but no steady or general air current. This quiet air becomes w.irin 
and moist, clouds form and within this cloud region some loc.iI tempecaiuro disturbance 
causes an initial ascending current. As Fcrrcl has pointed out “ the complete 
temperature conditions of a cyclone rarely extend down to the earth's surface, 
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but the interchanging and gyratory motions, commencing first up in the cloud regions, 
are soon propagated downwards to the earth’s surface by the action, through friction , 
of the upper strata upon the lower ones." When this movement has been once started the 
pressure in the lower strata of the atmosphere slackens and these air strata tend natur* 
ally to rise up, the space formerly occupied by them being taken up by the inflowing air 
from surrounding regions. This inflowing air is "necessarily drawn also into a gyration 
arou nd the centre.” The above is the ordinary view of cyclone generation, but it is necessary, 
in order to explain the object of the following investigation, to discuss this subject in 
somewhat greater detail and to give some quotations in full from the writings of meteoro- 
logical authorities dealing with the subject of cyclone formation. Professor Ferrel 
writes (Rept. Ch. Sig. Officer, 1885, p. 344). "The force which overcomes the inertia 
and friction of the gyratory motion of any part of the air is obtained from — 
o=(3« cos tp -f-v) «+-§ +F,) 
which may be put in the following form 

■ji -h F, = — (an cos iji + v) t» 

in which the last member is the force which overcomes the inertia and friction expressed 
by the first member This force, it is seen, depends upon «, and the earth's rota- 

tion, so that without a motion to or from the centre and without rotation of the earth on 
its axis, there is no force to give rise to a gyratory motion, for » only acquires a value 
after this motion has once set in. Since, also, cos if vanishes on the equator, there can 
be no gyratory motion there in any case. ’’ 

“ They (tropical cyclones) seem to originate at the northern limit of the calm belt 
otify, or at least not so far within, that the deflecting force depending upon the earth's 
rotation is too small to produce gyrations, for as we have seen this force becomes very 

small near to and vanishes at the equator The Trade Winds blow down to a 

latitude where the deflecting force of the earth’s rotation is too weak to give rise to 
cyclones." (/riem, p. 264.) 

" U the earth had no rotation on its axis, the air, in its vertical circulation, in all cases 
of local and temporary disturbances, would move in the lower strata directly towards the 
central part of the area of higher temperature and less pressure ....... and there woald 

be no gyratory motion around the centre’’ (Popular Treatise on the Winds, p. 243). 

Again in Professor W. M. Davis’ Elementary Meteorology (p. igy) it is stated “ Tropi- 
cal cyclones being essentially vorticular storms a sufficient explanation of their occurrence 
only when their place of origin is removed from the equator must have already come to 
mind from the account of the deflecting action of the earth’s rotation. Instability and 

convection occur in the doldrums at all seasons but the establishment of a con- 

vectional whirl with a definite direction of rotation can only take place when the dol- 
drums are far enough from the equator to give the deflecting force an effective value." 
Again on p. i8g it is stated that * if the turcular component of the wind’s motion were 
absent and the air moved simply as a radial inflow instead of in a spiral whirl its velocity 
would be so moderate that it would not reach the violence of a storm wind.” 

The above quotations indicate the opinions of these eminent authorities and show (i) 
that the origin of a cyclone depends on a temperature inequality which determines a flow 
of air towards a centre’; (2) that were this flow to take place radially the disappearance 
pf tli,e inequality would take place without nny considerable atmospheric disturbance ; (3) 
thpt the gyratpry mptiop? whjcti appear in a cyclone depend for "their origin pn a force 
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arising from the rotation of the earth on its axis ; and that (4) this force is very small near 
to and vanishes at the cquatori and hcncc that at the equator there can he no gyratory 
motion around a centre in any case. 

Ha%*ing now stated the ordinarily received accounts of the origin of cyclones let us 
consider a very interesting series of weather changes which occurred over equatorial 
regions and the Bay of Bengal between the ist and 15th of December 1S94. 

The following lablc gives the names of most of the vessels which were involved in 
the disturbance. These vessels were in every case traced to, or neatisoroe station record^ 
ing observations for the Indian Metcorolo^cal Department and the corrections .appli- 
cable to the ships* barometers, given in the second column, were determined by 
mter'Compartson between the barometric readings on bo.ard the ships and at these 
ohsenMtorics. The positions at which, and the dates on which, these corrections 
were determined are given in the third and fourth columns. To say that even witli 
these coiTcciions applied, the barometric readings .irc often unsatisfactory is to state a 
truism with w'hich every one who has dealt with marine meteorological logs is acquainted, 
but the observations in the present instance .arc certainly no better or worse than 
hundreds of similar observations which have been utilised to determine the course 
and intensity of storms at sea. 
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AN EQUATORIAL STORM. 



Determined cemiiulaon witb 


Singapore . 
Saugor Island 



Lat 90^49’ N and Long. 89^17' E. 


December 

On December ist thechart(Pl. XXXVjshowed a long narrow /onr pressure area stretch- 
ing from Longitude 65° £ to Longitude 93° £ and extending in its western parts between 
Latitudes 3* N and 5*8, in its central parts between Latitudes 3* N and 4*30' S and in its 
eastern parts between Latitudes 7** N and 2° S. In southern latitudes pressure was 
exceptionally high and on both sides of the trough of low pressure the barometric 
gradients were moderately steep and the north-east trades on its northern side and the 
south-east trades on its southern side were moderate to fresh, while the weather was 
squally and rainy throughout. The following table gives the information shown graphi- 
cally on the chart s— 
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aig 

the was o 05“ too high. The Patr^o/a, theC*/y^ Camdrid^e and the Gu^ 

were in north latitudes They all three experienced northerly to north-easterly 
winds varying from a light breeze to a moderate gale with heavy squalls and ram. The 
reading recoaded on board the Ciiy of Cambridge was 29 847", which, according to the cor- 
rection determined on the 4th at the head of the Bay, should be increased by o 050'. 
But this ship on the ist was close to the Ceylon coast, and it is obvious from a compari- 
son of her baromelnc reading with those of Point de Galle, Trincomallee, etc., that the 
reading of 29*847' is correct The observations from the north and west coasts of Su- 
matra, kindly supplied by Mr. Vender Stok, of the Batavia Observatory, show that the 
south-east Trades were blowing all over the Island of Sumatra as far north as Achin Head. 

On the 1st then the chart (PI XXXV) and table show that a trough of low pressure 
lay to the south of India, with its axis over the Equator, and that on either side the 
Trades were blowing strongly, while the weather was overcast, rainy and squally. The 
position of the trough over the Equator at the time that the sun was vertical over Lat 
22^ S was probably unusual 

December On the following day, December 2nd, the barometer had risen 

slightly o\er the Bay area and the Equatorial region to the south of the Bay, but the 
change had been uniform and the general conditions were little altered. The chart 
(Pi. XXXVI) showed the trough of low pressure to the south of Cejlon, but the central 
area of depression had changed somewhat and had assumed a more circular shape. 
The axis, however, still lay over the Equator, and the north-east and south-east Trades 
blew strongly on both sides of the depression. The following table gives the observations 
recorded around and within the central area — 
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AN EQUATORIAL STORM. 


Seven ships lay in south latitudes. The first six reported easterly and south-easterly 
winds, the force ranging from 6 on board the Falls of Garry in lat. 7*54' S. and 
Tong. 92* E. to force 2 on board the Talavera in Lat. S, and Long 80*53' "^he 
weather was squally over the whole region covered by these vessels and heavy rain was 
reported by the Farl of Dunmore and the Andorma, The seventh vessel was the 
/‘aZc£?KAr*rj^ close to the Equator in Long.* 77*16' E,, and had a light westerly vdnd and 
squally rainy weather at 8 A.M. and torrents of rain later in the day. To the north of 
the Equator there were three ships which all reported north-easterly Trades, moderate to 
fresh in force, and squalls with heavy rain. The Sumatra observatories showed steady 
easterly and south-easterly Trade winds. The lowest pressures lay between the Equa- 
tor and two degrees to the south and between Long, 77* E. and Long. 8i*E. 

Conditions were thus very similar on the 2nd to those reported on the isl. 
Strong Trades with squalls and heavy rain were blowing on either side of the Equator, 
while between the Equator and Lat 2* S. there was a region of light variable winds and 
squally, rainy weather. The only important change was the tendency to concentration 
which is shown by the lie of the isobars. 

December 3rd , — The chart (PI. XXXVII) for the day showed that the tendency to 
concentration which had been disclosed on the and bad continued. The barometer 
had fallen over the south of the Bay and the Equatorial region to the southward, while it 
had risen at Singapore on the one hand and at Point de Galle on the other, and as a 
consequence the low pressure area over the Equator had intensified and become 
smaller and better defined. 

The following table gives the meteorological data for this day j— 
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The above shows that the winds to the south oi the depression had decreased in 
force. The Zetnindar^ the Falls of Gartjf and the Glencaird reported moderate easterly 
winds uith passing showers, while the Rarl of Dnnvtore and the Andorina which were 
close to or nlthin the central area had variable light unsteady winds at 8 A.M. with heavy 
rain later in the da)*. At 4 P.ftL on board the Fails of Garryox^^ the Giencaird the trade 
winds were lost and the wind fell to light variable airs with heavy incessant rain. On the 
western mar^n of the centra! depression on the contrary the wind had undergone im- 
portant changes. The Falconhurst^ which had a light westerly wind on the previous day, 
now had a fresh westerly wind, and the Talaocra which on the and reported a light south- 
south-east wind now experienced a moderate south-west wind. These changes in 
direction and force are important, because they show that the circulation which was de- 
veloping around the depression was assuming the form applicable to a depression in the 
Korihem Hemisphere. The observations from ships to the northward of the depression 
exhibited little change, but at the Nicobars the wind had shifted from east to north- 
east a change which helps to indicate the concentration of the disturbance in the south. 
At 4 P.M. the Falls of Garry lost the south-east trade winds and experienced variable 
" pu%” breezes with heavy rain, while thc/*<i/<»n//Kr4/had torrents of rain the whole day- 

Dccomhtr ^/A.— The chart (PI. XXXVIIl) of the 4 lh December exhibits a slight 
barometric rise over Equatorial regions, but there was no change in the position of the 
area of disturbed conditions which remained central over the Line. Pressure had become 
more uniform throughout the Bay and the sea to the southward. 

The following table gives the meteorological data for this day r— 
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AN EQUATORIAL STORM. 

Within the depression area the most marked feature was the heavy rainfall. 

The Falls of Garry, the Glencairi, the Peninsular, the /emindar, the Andorina, 
the Talauera and the Falconhursi, all had heavy continuous rain. On board 'Caa Falls 
of Garry and the Gleneaird light variable airs and calms prevailed throughout the whole 
day with a continuous downpour of rain. The winds on the western side of the depression 
area had veered and were north-westerly with squalls. The south-east Trades on the 
south side of the depression had become lighter. The Falls of Garry and the isarl of 
Dumnore reported variable winds and the wind direction on board the Andorina in Lat. 
2°ai' S. and Long. 8S°56' E. had shifted to south-south-west. This was very important 
in view of the general change which occurred in south latitudes on the following day. 
On the coast of Sumatra the wind had shifted to south at Natal and to south-east at 
Baros, but remained easterly at Pulu Bras (Achin Head). 

December ytjS.— On this day a large trough of relatively low pressure (ap'Sj ) lay 
over Equatorial re^ons to the south of India (Pi. XXXIX). Within this trough between 
Longs. 88* and 93® E. and between the Line and Lat. 4“ S., a small central area of depres- 
sion had been developed and the barometer readings on board the Falls of Garry and 
the Zemindar were o’oso* and o'o6o" respectively lower than on the preceding day. 

The following table gives the meteorological data for this day 1— 
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The lowest pressures were thus between Lat. 3°3i' S. and Lat. 1*17' S. The wind, 
force was not very high except during the squalls which were frequent. The weather was 
overcast and heavy rain was reported all around the depression area. The most im- 
portant feature was, however, the change in the wind direction. On the 4th it was noticed 
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that on board the Andorxna m Lat. the trind had shifted to south- south-west and 

the circulation was consequently assuming a direction appropriate to a storm in the 
Northern Hemisphere. On the cth the observations showed that the wmd had gone 
round to the westward on board all the vessels between the Equator and Lat. 4" S. With 
high pressures in the far south and low pressures in Lat. a^S, the appropriate direction 
of the innd would be bast or south-east, but in the present instance the observations exhi, 
bit westerly winds prevailing on the south side of a low pressure area in southern latitudes. 
At Natal the winds had backed to north-cast and at Baros had veered to south-west, while 
at Pulu Bras it remained easterly. In the Bay Islands the barometer was falling, 

December On December 6th the chart (PI, XL) showed that a consider- 
able concentration of the depression had taken place and that a trifling northward 
moxement had been developed. The lowest pressure 29*736*’ was reported by the 
Fclh of Garry in Lat o® iS'S. and Long, 92*6'E. 

The following table gives the meteorological data for this day i— 
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All the ships near the central area of depression reported north-westerly or wesi- 
norlh-wcstcrly winds xvitli a force of 5 to 6 and occasional squalls. Rain wa*; 
reported from all the ships and heavy rain from the Falls of Garry which was near the 
centre of disturbance. The Earl of Dunmore experienced hard westerly squalls and heavy 
rain all day, and the Falconhursi had continuous heavy rain. On board i\niFalls of Garry 
the barometer had fallen o'oso' while, on the contrary, on board the ^cmtiirfar which was 
being left behind by the disturbance there had been a brisk recovery. The barometer 
was rising a little at the Bay Islands, but the wind had drawn from 6ast-north-cast into 
north north-east at Port Blair. 

VOL, VI. 


2 H 















AN EQUATORIAL STORM. 

Decmier 7//;,— The chart of December 7th (PI. XLI) showed that the northward 
movement of the depression had continued and that the centre was in about Lat. 
3” N. and Long. 92°3o' E., and that the cyclonic circulation was more complete and 
definite than' hitherto. 

The following table gives the meteorological data for this day 
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The lowest pressure, 39'736*’i which is the same as on the preceding day was again 
reported from the Falls of Garry. This vessel lay in Lat. 2' 53' N. and Long. 92° l8'E., 
and experienced a strong (force 6) west-north-west wind and hard squalls. The nearest 
ship to this was the Talavera which was in LaLs'S'N. and Long. ga'sd'E., with a barometer 
' reading corrected of 29785," a moderate westerly wind and frequent squalls of wind and 
rain. To the west of the central area of depression were the Clifus with a north-east wind 
and very heavy rain ; the Falconkarsi with a north-east wind and steady rain all the morn- 
ing, and the Zemindar with a north-north-west wind and frequent heavy showers. There 
was no information from the region to the east of the disturbance. Rain had commenced 
at the Nicobars where the wind had shifted from north-east to east-north-east. 

December 8 th , — The chart (PL XLII) showed that the storm had not maintained 
quite the same intensity that it possessed on the preceding day, the lowest pressure 
being 29766" reported on the Falls of Garry in Lat. 4°! 8' N. and Long, paV E., while on 
the 7th on board the same ship the lowest pressure was 29736". The storm had moved 
very slightly northward, and the centre lay in about Lat. 4’ N. and Long. 93'E. 
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The following table gives the meteorological data for this day j* 



1 Sa.w, FuiTioa, 

B4ceMnut. 

WlHD. 












Lat. N. 

LoDf, B. 

DanneUr 

CotRcted, 

VaiUUoa. 

Dimtlon 

Force, 

WiAtBie. 


• • 

• r 

. 

9 





S. Sort 0/ Dunmore . 

3 5 

50 SO 




KNE 

» 

Cloudy. 4 A.U., fiatd sqoaHa. 

S. Fallt of Gatty . . 

4 18 

93 4 

39*766 

39*766 

—•134 

N 

5 

Light raiD, 

S> Tetevtra , . 

4 40 

9*40 

*805 

•8.5 

—•09s 

NNB 

5 

Overcaat, Noon, squalls and 
ram. 

S. GUneaird . . 

4 44 

92 18 

•7SS 

■80S 

-•095 

N 

5 

Heavy sqodls and torrents of 
ram. 

S. Zemindar . . 

5 3 

a. sa 

•863 

•863 

-■037 

NEbyE 

3 

Occasional showers. 

S. Fateonhurti , « 

5 S 

83 0 

*8ia 

‘8I& 

-■(168 

NEbyN 

4 

Fine. 

S. Andetina . . 

3*4 

$2 S3 

... 


... 

N 

2 

Heavily overcast. 

S S. ArrateOn Afetr . 

Pen 

anj. 

•834 

- 

... 


... 

8 F.H. showery. 

S.S.PiirNra . . 

Pen 

aag. 

•779 

- 



... 

8 p.u., cloudy. 

. . . 

saa 

83 10 

932 

•973 

+*073 

N 

5 

Cleedy. Noonj continuous rail 

S.S. Ititibarra . . 

s 44 

9a ss 

■789 

•7Se 

-*iii 

MEbyH 

5 

Passing rain squalls, and 
moderate sea, 

Pofi Blair . « . 



•917 

•909 

— CIS 

NME 

7 

Cloudy. 

Camerta • . • 



*885 

■8SS 

f 

N 

e 

Oserast. 

Fuh Bru^ ( 

... 


... 



SE 

... 







... 

ESB 

... 


NaUl C 

... 

... 

... 

— 

... 

S 

... 



All the vessels in the neighbourhood of the disturbance lay to the northward or west- 
ward of the central area of depression and hence the cyclonic circulation was far from 
Complete. At Camorta the wind had shifted to north and the barometer fallen o'oai^* The 
Earl of Dunmore in Lat. 3*5' N. Long. 90® 50’ E. had a norih»north-east wind and hard 
squalls*, the Palls of Garry^ the GUneaird and the Andorinut all to the west or in front 
of the disturbance had northerly winds, overcast skies and squally weather, the Glencatrd 
also reporting torrents of rain. The only observations to the east of the centre were those 
recorded on the west coast of Sumatra. Thus Pulu Bras (Achin Head) reported a south- 
east wind ; Baros an east-south-east wind and Natal an east wind. It is obvious on this 
day that, with the exception of on board the Glcncaird^ the rainfall had been lighter and 
the storm appears to have grown less intense. 

Decoviher p///,— On the 9th the chart (PI. XLIII) showed a further northward move* 
ment of the storm. The central area of depression was apparently close to, and a little to 
the northward of the Talavera^ and was hence in about Lat. 5® 15' N. and Long. 93® E. 
The intensity was unchanged, the baToraeter on the Talavera reading 29'765* while the 
lowest reading on the previous day, on board the Palls of Garry, was 29*766®, The Falls 
of Garry had passed to the west of the depression and the barometer on board was rising 
briskly. From 4 P.M. to midnight on board this ship, and also on the Glencaird a heavy 
westerly gale was experienced with torrents of rain and a high confused sea. It is remarkable 

a H 2 
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how sharply defined was the storm area, as both at Port Blair and fcamorta the 
barometer had risen and the weather was not noticeably affected, though the Gulf Stream 
in Lat. 1 1° 33'N. and Long. 91° 29'E. repotted a heavy leaden sky. 

The following table gives the meteorological data for the day : — 


WKKM 

y A.U, PoilTlOH, 

BAneu&ns. 





Lons B. 

Dintnctcr. 

Cdirerted 

Variation, 

Direction 

Force. 

'WlATBIR. 


■ ' 

• 1 

' 

• 

- 




S. Earl oj Dunmore 

3 37 




.M 

Vw. 

ttoo 

Heavy rain. 

S. Tttlavtra » . . 

4 59 

Sa so 

99-765 

^•j6s 

“•*3S 

NW 

8 

4 A.U., showery. 

S. Gieneaird . . . 

5 9 

90 55 

755 

29-805 

—•09s 

NNW 

S 

Steady tain. 

S, Fatecttburst . . 

sS 

90 6 

*862 

•862 

-^038 

N 

2 

Overcast. 8 p.u., heavy sqaails 
and Leary rain. 

S, FalU 0 / Garry . 

S 14 

91 48 

•786 

•836 

—•064 

N 

2 

Heavy coatinaeas rain. 

S,S Incktarra , . 

S 59 

95 

■8.4 

'824 

— ‘076 

E 

5 

Showery. 

S. Ztmindar , « . 

6 4 

87 s« 

•943 

*943 

4-043 

NBbyN 

4 

OvercaiL 8 p.u„ freqaeal 
showers. 

S, Atidatina . . . 

S S3 

9t aB 



-. 

NBbyN 

6 

Gloomy. 4 P.11,, ^ heavy Eqnalls. 

Port Blair « , . 


... 

"947 

*939 

4*0IS 

NNB 

10 

Coudy. • 

Camorla , . . 

... 

•• 

*918 

‘568 

? 

NNE 

1 

OverrjtsL Lfght rain during past 
24 hours. 

PuluBra9\ r 

... 

... 

’... 


M. 

B 



B.„,, C Coail of J 
Y Sumatra 1 

... 

... 

... 


... 

ESE 



Ifalal .) ( 

... 

•• 

... 

... 






The cyclonic circulation was better defined than on the 8th, the vessels involved in 
the disturbance being more scattered. The Talavera close to the centre of the disturb- 
ance had a north-west fresh gale and " dirty ” weather, and later in the day a strong westerly 
gale and heavy rain j the Falls of Garry, a little to the west of the depression, a light 
northerly wind and heavy continuous rain; the Glencaird in Lat. 5° 2' N. and Long 
90' ss'E. had a fresh north-north-west wind and steady rain ; the Inchharra in Lat. 5° 52' 
N. and Long. 95° 26' E. had a fresh easterly wind and showers, and the FaUonlmrst 
had during the day a fresh westerly gale with heavy rain. At Achin Head and along the 
Tvest coast of Sumatra easterly winds were reported. 

Decemler /o«-The chart of December loth (PI. XLIV) shows apparently that 
the storm had commenced to move slighUy north-westward or north-north-westward 
though the observations ate not altogether reliable. The centre of the depression was uu- 
patently close to the Glencaird and the Falconhnrst which were in Lat. 5' 39' N and Lone 
91" S'E. and Lat. si'N.and Long. 91- 13' E. respectively. The latter vessel experienced 

a hard gale and torrents of ram during the whole of the loth and until 4 A.M. on the 

nth and the former a hurricane from west to west-south-west during the whole day, .The 
storm had become more intense and pressure at the centre was o-io' lower than on the 
preceding day. The wind directions onbqard the Andorina on this and the following 
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day are almost certainly incorrect and should be reversed. This ship had a strong to 
heavy gale all day with a high confused sea* 

The following table gives the meteorological data for this day 5— 



8 A.y. Poittiox, I 

Buouitu. 

vnst. I 


N«ke m Vttbik 

U1.9. 

U«g. G. 

ItfSBISICT 

'siictlcO. 

VhdMiio. 

DKsetlsB. 


Wtbm*. 

S,SatltfD»^noft • 

A 07 

S 3 18 

• 

a 

; 

SW 

* 

Ctoaif. 

S.Faliti^G»trj • . 

4 ^ 

9 « 57 

S 9*586 

59-738 

—164 

WkjS 

7 

4 P.>i>]FBn!Rg showers. 

SS. Inehlmrta . 

s 09 

9S OT 

‘j)i 6 

*916 

4^)16 

ESE 

6 

Iscssssvt nin with motentt 
be&d sea. 

s, rw«w« . 

S >9 

99 33 

•755 

•78s 

-135 

w 

8 


S, GttHwOi 

S 39 

91 05 

'603 

•65s 

— » 4 S 

wsw 

7 

High confused sea. <0 A.U. tetri 
fic tijaalle. 

S. fahetihvTst • • 

s 51 

91 13 


617 


w 

8 

Heavy lain. 

S, Zminitt « 

7 48 

88 36 

•8m 

■893 

-•w? 

NNW 

5 

Sqaelly. 

5 . Aniitlta % • < 

8 03 

93 40 

... 



NNW 

9 

Higfcic*. 4 A.a., heap/ eqaalls 

SsSsPurna . « < 

II SA 

97 '«3 

■89s 

«95 

•«-^v 

S 

% 

PiM. 

BAtqvt Gulf . 

13 U 

89 53 

•91s 

•915 

-' 0 J 6 

NbpE 

3 

Plnft. 

SsS, Ptntehte . . 

13 4 < 

^ 4a 

•959 

•959 

+w 

SNB 


Pice and saoelh sea. 

Perl Blair . • 

... 


•916 

■908 

—■016 

NNE 

13 

Ov-ercBsti 

Catncrfa , • • 

FV« Brat \ 1 


- 

•884 

• 8 » 

p 

ESE 

SB 

p 

Oveicast Heavy rria dnring 
past 24 hoars. 

' ( Coast of , 

*""> •> S«».w. 

... 

... 


- 

- 

SB 

... 


Malal . ) ^ 


" 








TheFalmhurstini CfoiwW loth lay immediately to the south of the centre of 
the depression and eaperienccd a moderate to fresh westerly and west-south-westerly p e 
with a high confused sea, terrific squalls and heavy ram. Ue Ta W lay a little 
further to the southward and had a strong westerly gale and heavy ram all day, and be 
Falls of Ganyky to the south-east and had a moderate west by south gale and the 
weatherwas moderating. The Jf,Marra in the Malacca Strait had a stag cast-scnth. 
east wind and incessant rain, Achin Head had a south-east wind and Camerta an easi- 
south-east wind and heavy rain. The Zemhiar to the north-west of the disturbance had 
a fresh north-north-west wind with squalls, and the Anserine near the N.cohars reported 

a hard north-north-west gale with a high sea and heavy squalls. 

Z)e«m5o-////i.-The chart (PI. XLV) shows that the storm centre had continued to 
move north-north-westward and the area of reatest barometric depression lay between th e 
Zeminiar and the GleiicaM and was probably in about Ut. 8" 50 N. and Long, go 1 o E. 
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Pressure had fallen slightly within the storm area and the lowest barometric reading 
reported was about o'of lower than the lowest on the loth, 

The following table gives the meteorological data for this day 



81.H. POIITION, 


SAiiautTiit. 

Wi 

un. 

WtATIltK. 

Mams or Vtasit. 

Lat.N. 

Loag. C. 

Bamieta. 

Corrected. 

Variatlsn. 

DiKctlan. 

Pnee. 

S. 0/ Ownmiire 

4 49 

• A 

93 43 

■ 

• 

• 

SSB 

a 

Crear. 8 p.m , heary rain. 

S. Faleonhurtl . . 

6 16 

9< 55 

a9‘7i6 

29716 

—•184 

ssw 

4 

Passing sqaalls with rain. 

S. Falls of Garry 

6 58 

g2 aS 

•836 

998S6 

—•014 

SSE 

5 

Heavy showers. 

S. Talavsra . . • 

7 09 

92 17 


- 

- 

SSW 

6 

Heavy squalls and blinding rain 

S. Gltneaird 

8 92 

91 a? 

•67s 

725 

-•t7S 

SSE 

6 

Sharp sqnalls and heavy rain. 

S Zeviiniar 

8 29 

89 37 

■633 

623 

-•277 

Nby W 

... 

Terrifle sqnalls and heavy rain 
with heavy confused sea. 

S.AndertHa. , 

9 32 

93 


OAt 

... 

B? 

9 

Bverv appearance of & eyeloce. 






Midnight, heavy squalls 

S S. PtniaMtt . • 

10 12 

97 *7 

•869 

■869 

—••036 

B^3E 

4 

Passing etouds and noderate aco 

5.S. Saint Hubert 

II at 

84 09 

*753 

•8^ 

-•058 

NE 

4 

Ught shoners. 

Barque GulfSlrsam • 

13 50 

68 so 

‘856 

•856 

-•694 

NB 

5 

Cloudy, Midnight heavy drops 
edrain. 


t j 

ga 39 

8g8 

•8B8 

—•068 

ENE 

4 

Pine. 

Pott BMr . 

... 

.. 

•818 

*6to 

-•114 

ESE 

9 

Overcast. 







E 


Cloudy Heavy rain during 

Camerle . . 



•S99 

799 

D 

past 34 henrs. 


A fairly well-defined cyclonic circulation prevailed around the low pressure area, 
but there is no information available for the south-west quadrant of the storm. The 
Zeminiar lay to the west of the central area of depression and reported a north hj 
west wind, terrific squalls, heavy rain and a high confused sea. At 8 A.M, a terrific squall 
struck the vessel j at 8-30 A.M. the wind shifted suddenly from north to west with heavy 
rain and blew with hurricane force from south-west. It then veered again to west, blowing 
and raining very heavily. At 1 1 A M. the weather began to moderate. The Cleneaira 
lay on the opposite side of the storm area and experienced a south-south-east strong wind 
sharp squalls and heavy tain. To the south-east of the storm were the Aa/A 0/ Garry, 
the Falcon burst and the Talavera ; all had south winds, heavy squalls and blinding rain 
The Aiidarina to the east-north-east of the depressioii had an easterly hard gale and 
reported " every appearance of a cyclone." At Port Blair the barometer had fallen nearly 
o-io" and the wind had veered to east-south-east. The observations recorded on the 
ships lying on the outer limits of the storm show a fairly regular cyclonic 
circulation. 

December /sfA.— The chart of the 12th (PI XLVI) apparently shows that the storm 
had moved northward through about a degree and a halt and lay in about Lat. 10” N. and 
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Long. 90® 10' or 15'E. The intensity of the storm was probably slightly less than on the 
itth, the lowest pressure reported being 39*665'' on board the Talatera. The cyclonic 
circulation was id-defined and the force of the wind had decreased. 

The following table gives the meteorological data recorded on this day 



Sa,ii,Fm»iok. 

BaaouiTtiu 

Wiw. 





Batemrttf 

C«(Tectad. 

VarUtlSB. 

Olieatas. 

Force. 



D . 

. , 

• 







6 05 

94 ofl 



-■ 

ESE 

3 


S. Sari of Dttnmtrt . , 

06 

93 1^ 

- 


... 

SE 

3 

^ae. 

S, Paleenhunt • • 

535 

92 lO 

49'7'3 

29718 

—187 

SB 

5 

Pine. 4 A.M ; passing showers. 

S. Zmindar . , 

9 55 

Sets 

783 

783 

-•117 

sw 

4 

PreqneBt rain squalls. 

5. Talanra . . , 

19 33 

9t SO 

■6Ss 

■6SS 


55B 

7 

Heavy squalls sod falindlograin. 

S, PalU cf Carry . . 

10 49 

91 44 

73. 

786 

-114 

SB 

5 

Passing showers. 

S. Gltnuiti , 

It 4S 

91 17 

*74S 

*795 

— •J30 

SE 

6 

Dilta 

S.S. CMfdwa . . 

13 09 

94 rS 

■858 



esb 

S 

Sqaaily. with ratn end moderate 
sea. 

S, Aniatina • . 

U 1$ 

93 « 


" 

- 

SE 

7 

Heavy squalls, 

Batqve Gulf Stream , 

14 (9 

88 11 

”801 

•Sar 

-•X49 

NEb/N 

6 

Ratey. 8 p.ir , beery gale with 
viofeot squalls. 

Pert Blair . . • 

... 


•795 

•787 

—•IS? 

SSE 

so 

Orereast. Heavy rain during 
past 34 hours. 

Camorta « 


... 

■874 

■844 

? 

SE 

6 

Clendy, Heavy ralo dunog past 
34 hours. 


The ship nearest to the centre of the storm was the Talavera m'th a south-south-east 
moderate gale, heavy squalls and blinding rain. The F alconhurst^ the Falls Garry^ the 
Aniarim and the Glencaird all lay to the eastward of the centre and reported south-east 
strong irinds or moderate gales all day with squalls and showers. At Port Blair the baro, 
meter was still falling, the wind had gone round to south-south-east and was blowing at 
the rate of so miles per hour while heavy rain had fallen both there and at Camorta, 
The Barque Gul/' Stream which at 8 A.M. lay in Lat, 14” 19' N. and I^ng, E8” ii' E, 
and was proceeding southward ran into a heavy north-east gale with violent squalls at 
8 P,M, with a continuous downpour of rain, 

December /jW.— The storm had moved more quickly than hitherto and the 
centre lay in about Lat, 13' 40' N and Long, go” lo'E. (PI XLVII), The storm was 
beginning to fill up and the lowest pressure reported was sg'yss'on t\to Talaeera. 
The rainfall was apparently less heavy generally, and the wind was going down. The 
Glencaird reported that the weather was clearing. The barometer reading on board the 
Gulf Stream has been rejected as it is hardly possible that pressure could have fallen 
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as low as 29'57a" in the position given. Rejecting this reading and adopdnga reading of 
on board the Talavera, the chart shows a further northward movement of the 
storm, the centre of which lay apparently in about Lat. 13° 40' N. and Long. 90° 10' or 
15' E. The cyclonic circulation was again ill-defined. 

The following gives the meteorological data for this day 






WiRB. 

WriTRIR 

Kami or Vieit&< 

2 

B. 

Lopg. E. 

Sa(»* 

ncicr. 

^enteied. 

VuiatlsB, 


M 

S, Earl tif Dunmort , 

73 

7 

9a 

2? 



• 

SE 

2 

Fine. 

StZeminiar • • 

ti 

SE 

92 

05 



—•■023 

SBbyS 

3 

Fine.4 A.M., sqonlljr 

S. Patnnburti . , 

ts 

41 

93 

3a 



-•113 

SE 

4 

Fine. 4 A.M., squallj with ratn. 

S. Talattra • • • 

23 

SO 

90 

59 

•835 

rsw 

—‘300 

ESB 

6 

Fine. 4 F.u., heav/ rain. 

Barque Gulf Siteata 

14 

00 

87 

so 

'572 

t-574 

-•378 

Var, 

1 

4 A.M„ heavy pouring rai n and 
heavy peals oi thunder and 
lightning. 

S. Fallt of Garry • . 

15 

90 

93 

5 

■786 

•836 

—114 

ESB 

6 • 

Overcast 4 p.m., dirty, rainy. 

S. Gltneaird i • 

*5 

ss 

93 

00 

*765 

•Sis 

-•I3S 

E 

6 

Clearing. 4 A.Uft heavy sqnalls 

S. Anderltia * . 

16 

3a 

93 

54 

... 



SE 

9 

Terrific aqualts 

S S. Afrita 4 

16 

34 

93 

t 

•904 

3Q‘024 

4*054 

B 

5 

Pine and fresh sea; midnight, 
squally and steady rain, 

S.S. Bhunizta • ■ 

17 

00 

8S 

00 

•701 

•801 

-•199 

KE 

4 

Passing rain squall. 

S.S Saint ffuhert • , 

18 

35 

87 

24 

74fi 

•856 

—244 


6 

Misty. 4 A.U , squally. 

S.S. Ckyeioita . , 

*9 

0 

84 

40 

840 

*910 

—•090 


8 

Overcast 

SS.4raM0 . 

29 

03 

90 

36 

•881 

'98. 

—•019 

E 

5 

Driceling 

S. Monen • . , 

ao 

4a 

8s 

27 

30 '035 

VSS 

—04s 

NB 

4 

OrietiiDg ram. 

Port Blair • , « 




■ 

■SSs 

•861 

—•063 

SSB 

so 

Cloudy. Light showers during 
past 24 hours. 

Camorta • • • 




_ 

•917 

•887 


E 

8 

Fine. 


The Talttvera was nearest to the centre of the disturbance and had fine weather. 
The FaUonhwst to the east had also fine weather and a moderate south-east wind ; the 
Falls of Garry and the Gleneaird had strong easterly winds and the Andorina still further 
to the north-eastward had a south-east hard gale with terrific squalls, but subsequently 
the weather moderated. The Gulf Stream which bn the previous evening had experienced 
a violent gale now reported light variable winds. At 4 A.M. she had passed through 
heavy pouring rain. At Port Blair the wind was still blowing with a force of so miles per 
hour from south-south-east. Strong north-easterly winds were blowing to the north-west of 
the storm, and the improvement in the weather appeared to be spreading from the centre 
to the exterior of the storm area. 

December I^th. The chart (PI XL VIII) shows that pressure had continued to in- 
crease and the depression to fill up. The centre of the disturbance had travelled quickly 
northward and lay in about Lat. iS" 10' N. and Long. 91° E., and the cyclonic circula- 
tion around the centre was ill-defined. . 
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The lowest pressure reported was ap’Sas' which was exactly o-io' higher than the 
lowest pressure recorded on the preceding day. At Port Blair the barometer had also 
risen nearly o.lo', and the velocity of the south-east wind had decreased from 20 to 15 
miles pet hour. The Gleneaird which lay nearest to the central area of depression re- 
ported an east-north-east fresh gale, but elsewhere the winds were only moderate to strong. 

December The chart (PI. XLIX) showed that the intensity of the depression 

was unchanged, but the barometer was rising generally and the disturbance was obviously 
filling up. The northward movement had continued, and the centre lay in about 
Lat. 20" 30' N. and Long. go“ E. 

The following table gives the meteorological data for this day 



VOL. VI. 
















333 


AN EQUATORIAL STORM. 





WfKB 

WtAtllE*. 



Long. B. 

Bai> 

meter. 



Direction 


S.S- CkftbttSitt « • 

Saugor 

Island 

‘920 

2^990 

—010 

N 

6 

Light rain. 

S. FaUt of Garry . , 

20 3t 

90 to 

‘786 

29836 

-•164 

SB 

2 

Drizzling 

S. Clencoird . 4 

20 33 

po ta 

■78s 

•8}S 

-*i6s 

SE 

4 

Clear. Midnight, small ram. 

S Anderlna • 

20 34 

90 SI 


... 


SE 

4 

Cloody. 8 P.M f rainy, 

Bpslern Channtl . , 


4. 

3cro8; 



NNE 

4 

Orercast and moHerstn wnth. 

Pori Blair . > • 


4U4 

•979 

•971 

+•047 

ESE 

P 

east swell 

Cloody. 

Camoria . • 



30*001 

•971 

f 

NE 

S 

Cloudy 


There was nothing particularly worthy of note in the observations on this day. The 
weather was more cloudy and unsettled than usual and an irregular cyclonic circulation 
existed. 


The force of the wind was moderate to strong. 

December i6ih . — On this day the depression practically disappeared (PI. L). 
Pressure over Bengal was high and steady, the further progress of the storm northward 
was barred and the centre filled up without moving. 

The following table gives the meteorological data for this day : 



ft A.U. PoitriuM, 

llAROaiTta. 

WiM. 


Nsus or Vsiisu 

Lat. N. 

Uttg. E. 

Baro- 

meter. 

Corrected, 

VertattoD. 

DIreeiloo 

Force. 

Wutou 

SS. Salim . « . 

16 So 

86 t 

• 

•* 

• 

N 


Heavy head sea. Noon, stormy 

S‘Ztnindar , . 

19 24 

90 19 

30*003 

3o*o(^ 

••••003 

SE 

3 

Occasional light showers. 

SS, Liadtila ... 

19 33 

*5 S7 

27889 

89*889 

—•III 

Calm 

0 

Squally. 

S. Talaoera » . ■ 

20 38 

88 S7 

3004s 

30V4S 

♦•04s 

B 

5 

Cloudy. 

Btttqtta Gulf Slftam . 

20 43 

88 19 

*037 

•037 

+•037 

N 

6 

Heavy rain. 

S.dnddrifta ... 

20 58 

SB 31 

-- 



BNE 

4 

Overcast, 

S.Falwft&Hrst . • 

21 02 

88 34 

•044 

30044 

+t»44 

NE 

S 

Thick neather. 

Satiern Chattnil • . 

... 

... 

30'nt 



N 

5 

Cloud, and, light, 

PoriZiaif ... 


W. 

sj-jSs 

27961 

*•037 

NNE 

6 

ciosdy. 

Ca moria ■ • . 


... 

•99S 

*968 

t 

E 

3 

Overcast, 1 


but the ( 


The winds remained strong and there was a good deal of rain with souall 
the disturbance as a definite depression ceased to exist on this day. ^ 


Conclusions. 

So much -attention has been devoted to the discussion of cyclonic storms i 
that unless a particular disturbance presents peculiar and individual features V" 
worth while at the present time to do more than to briefly record the oocurr 
and intensity of any fresh storm. In the present instance there apnearpil 

" ™ the writer 
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to be sufficient individuality about the' storm to jnstity the short discussion given above. 
The particular interest which attaches to the storm is the evidence which it supplies of 
the possibility of a storm forming within equatorial regions and the record of the wind 
changes which occur when a storm passes from these very low latitudes into the higher 
latitudes of the Tropics. 

As regards the initiation of the storm, the charts of the first three days of December 
show that the south-east Trades were blowing as far north as Lat. 4* S. On the 1st the 
weather was fine, but on the and squalls commenced, and on the 3rd, when the 
Trades began to take oft in strength, rain commenced to fall heavily. During this period 
a trough of low pressure lay along the equator, and it is perfectly obvious that the 
doldrums and the meeting of the Trades existed directly over the equator. This 
condition from the point of view adopted by Professors Ferrel and Davis is probably of 
importance as evidence with regard to the question of temperature distribution at this 
time. Temperature obscr\*ations were not included in the observations recorded in the 
iogs from which the charts were constructed, so that there is no means of determining 
from direct observation whether .at the sea surface there was any disturbance of the 
normal temperature distribution. This is of relatively little importance if, as Ferrel holds, 
and as the writer has attempted to show in the course of an investigation into the 
cyclones of the Arabian Sea, “ the complete temperature conditions of a cyclone rarely 
extend to the earth's surface." The lliermometric observations then, even if available 
would possibly not have shown any marked temperature disturbance over the region 
«*ithin which the storm subsequently appeared, and the circumstantial evidence afforded 
by the mnds and the pressure distribution may probably be accepted as a safer guide. 

The normals of latitude for pressure and temperature for January are as follows t — 

Frmurt. Tcmpmiurc. 


Latitude 

lo** N. . . • 

. 29*858 

. ys"' 63 


S’N. 

. 39*843 

, 79'- 85 


0* ♦ • • 

. 29*819 

. Bi”' 14 

If 

5®S. . . - 

. 39’8 o 7 

. 8i’' 68 


10® S, . . ^ • 

• 29*819 

. Sa“' S3 

•» 

15® s. . . • 

• 39*850 

. So'- 96 


These figures show that, judged by pressure, the doldrums should lie in January 
over about Lat. 5’ S., and, estimated from temperature, still further to .the southward, so 
that even though the period under discussion is about six weeks earlier than the period to 
which the .above values of pressure and of temperature apply, the fact of the position of 
the trough of lowest pressure over the equator and of tlie northward extension of the 
south-east Trades might be adduced as evidence of the abnormal temperature conditions 
on which, according to the theory of Professor Ferrel, it is presumed the first initiation of 
the storm depended. 

It is not of course suggested that this reasoning aliords evidence of the presence of 
the loc.al tempemture inequality on which it is assumed the initiation of a storm depends, 
but it shows (hat temperature conditions watre such that the equatorial band of calms was 
removed to an abnormally northerly position and that conditions for convcctional over- 
turning were present in a marked degree over the area within which the storm subse- 
quently developed. , 

The conditions on the 4lh were very imcrcsting. The south-east Trades werebcgin- 
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ning to fall off, and variable breezes were reported by the Falls of Garry, the Earl of 
Dmmon and the Talavera, but the Trades were still blowing up to about Latitude 3" 30'S • 
as shown by the observations on board the Zemindar and the Glencaird. At the same 
time on the north-western side of the low pressure area we have the Peninsula with a 
north-east wind and the Congella and the Faleonhurst with north-west winds. As on this 
day the lowest pressures lay over the Line, it would appear that to the northward of the 
depression area the circulation appropriate to the northern, and to the southward, the 
circulation appropriate to the southern, hemisphere, prevailed. Seemingly the former 
was the more potent, and on the jth the south-east trades had wholly disappeared. 

On the 5th the depression began to assume a definite shape. The barometer had 
fallen briskly over the equator between Longs. 88° and 92’ E. while it had been steady in 
surrounding regions and an irregularly shaped area of depression was formed within which 
during the succeeding 24 hours the central area appeared or was developed. On the 
morning of the 6th a well-marked central area of depression was shown over the Line to- 
wards which strong north-west winds were blowing. There were no observations recorded 
to the east of the disturbance, but apparently we possess on this day an illustration of 
the conditions contemplated by Professors Ferrel and Davis in the extracts quoted at the 
commencement, and by follovring out the reasoning adopted in these quotations, we should 
arrive at the following sequence of events. A local temperature inequality had pro- 
duced within the cloud region a temporary temperature disturbance over the equator, and 
a column of ascending air was started within this region. Hence pressure at the sea sur- 
face was reduced and a surface flow of air towards the area of diminished pressure was 
produced with subsequent ascensional movements and heavy precipitation. But the 
force depending on cos <p vanishes in this position, and hence ne have a radial 
inflow instead of a spiral whirl, and a moderate wind velocdty in piace of the 
storm winds, which would otherwise have been associated with the barometric gradients 
shown on the chart (PI. XL). Had the storm, or rather disturbance, remained station- 
ary overthe equator, it would, according to the theory, have followed, that the temperature 
and pressure inequalities on which its initiation had depended would have disappeared undei 
the influence of the radial inflow of surrounding air, but, after 8 A.M. on the 6th, a north- 
ward movement was developed within the depression area, which carried it as far as Lat 
4° N. by 8 A.M. on the Jth. In this position the conveclional whirl was apparently fat 
enough from the equator to give, quoting Professor Davis, the deflecting force due to 
the earth's rotation an effective value, so that though radial winds were still reported 
close to the storm, gyratory motions around the centre were developed at a distance ol 
about 4” from the centre. As the disturbance moved more and more northward thr 
circular component of the wind’s motion became more and more pronounced, and will 
it, increased the strength of the wind and the general intensity of the storm, so thal 
instead of the forces of 5 and 6, which were the characteristics of the radial inflow ol 
equatorial regions, forces of 9 and 10 were the characteristics of the gyratory circulatioi 
ol the higher latitudes. The figure on PI. LIl. shows the wind directions recorder 
within 4° of the central area of disturbance on three occasions. On the first occasion 
vis., the 6th December, the centre iay over the equator, and the wind directions exhibit ar 
almost radial inflow, the average angle of incurvature which a line drawn from the placi 
of observation in the direction from which winds are advancing made with a linr 
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joining the place of observation with the centfe of disturbance wasaslArgeas 150”: 
on the second occasion the measurements were made when the centfe lay over Lat. 5* N„ 
and in this position the angle had decreased to 135'', and when the centre had reached 
Lat. 9** N. the angle had still further decreased and become about 1 19^ These figures 
and still more the diagram on PI. LII show very clearly the increasing effective value 
of the force depending on cos ip and exhitnt the gradual change from a radial inflow at 
the equator to a spiral inflow in higher latitudes. 

Having now discussed in slight detail the foregoing observations, especially as they 
appear connected with the theory of cyclone formation, as laid down by Pfofessors 
Ferrel and Davis, we wll briefly review thetn from the point of view of the whole disturb- 
ance arising from the processes of evaporation and subsequent condensation. 

On the first three days of December the charts exhibited a typical illustration of 
the ordinary meteorological conditions which theory assigns to the Belt of Calms. An 
area of continuous low barometer lay over the equator, on either side of which the two 
trade wind currents blew freshly, while, within the area itself, the surface winds were very 
light and variable. The weather was fine generally, but daily at 4 p.m , just after the 
diurnal period of greatest evaporation, heavy predpitation of rain took place. The charts 
for these days show, then, a more or less enclosed area within which the weather was fine^ 
and constant evaporation was proceeding with apparently no horizontal outlet for the accu* 
mulating aqueous vapour. On the 3rd December the south-east trades seemingly began 
to take off, but the observations on this day show that nearly all the ships in southern 
latitudes had entered or were close to the enclosed area of light and unsteady winds and 
low barometer. The sky was densely clouded, and though heavy rain fell for a time during 
the later hours of the day, this outlet was probably insufficient to stay the steady accumu- 
lation of aqueous vapour over the enclosed area. In the afternoon of this day (3rd) the 
^a//s of Garry in Lat. S'S. reported the cessation of the south-east trades, their replace- 
ment by light, variable, " puffy " breezes and heavy rain. By the 4th the process of ac- 
cumulation of aqueous vapour had apparently reached its maximum and the subsequent 

condensation had setin. Acontinuousdownpourofrainwasreported, and this wasaccom- 

panied with light variable airs and calms on all the ships within the enclosed area. At the 
same time as the constant rapid condensation proceeded so did atmospheric pressure 
diminish, so that by the morning of the 6th a well-deflned central area of depression 
had been developed within the enclosed area almost directly over the equator. ^ It is in- 
teresting to note that, so far as can be judged from the observations, at the period when 
the process of constant evaporation had resulted in a saturated condition of the 
atmosphere over the enclosed area, and the subsequent process of sudden, rapid and 
extensive condensation had succeeded, there apparently occurred a slight but ap- 
preciable rise of pressure over the whole equatorial region under observation. This rise 
was shown by the chart of 8 A.a. of the 4tb (PI. XXXVIII), and it will be remembered 
that it was after 4 P.M. on the 3rd that the process of rapid condensation set m and 
became the most important of the changes in progress over the area. 

H the above be the explanation oi the imtiarion of the storm, then further enquiry 
would be unnecessary, as the principle of evaporation and condensation is a general and 
not a local one and is as applicable to equatorial regions as to other parts of the earth s 
surface. Further, it is unnecessary from this point of view to introduce a force to account 

VOL. VJ. 
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for the gyratory motions, as the theory presupposes an irregular inflow of the surrounding 
air as pressure diminishes, an inflow which can only result m a vorticose or spiral 
motion of the atmosphere converging towards a centre, while for the gradual increase in 
the intensity of the barometric depression and in the force of the ivinds an adequate 
cause IS assigned m the rapid condensation and precipitation of ram accompanying the 
inflowing currents of air when once the centre is developed. , 

In the preceding pages the wnter has attempted to give an account of a ,very 
interesting storm and at the same time to discuss the changes attendant on its develop, 
ment and progress from two widely different points of view. 1 , 

Two minor points of interest connected with the disturbance deserve perhaps 
passing notice. The first is the torrenUal rain which accompanied the disturbance 
throughout its course. This rainfall was apparently associated with a stream of air from 
trans-equatoriai regions, and as soon as this supply was cut off and the wind shifted to 
north-east again, to the south of the disturbance the rainfall decreased and the intensity 
of the disturbance diminished. The second is the sharply defined limits of the disturb- 
ance. Hardly any indication of the presence of a storm was afforded by the coast, 
observations. So much so indeed was this the case that the rainfall which occurred 
around the head of the Bay on the 14th and isth when the centre of disturbance was in 
Lat. i8" and so’N was ascribed to disturbed weather in Upper India.instead of to its ac- 
tual source, vm, the depression over the Bay, 
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CURVES REPRESENTING THE DIURNAL VARIATION OF DIPFERENOE8 OF PRESSURE BETWEEN FOUR 
PAIRS OF STATIONS IN THE QANGETIC PLAIN FOR THE MONTHS OF JANUARY AND APRIL. 
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Plate XXXII. 


CURVES REPRESENTING THE DIURNAL VARIATION OF PRESSURE GRADIENT (*01 In6h PER 
16 GEOGRAPHICAL MILES) BETWEEN FOUR PAIRS OF STATIONS IN THE GANGETIC 
PLAIN FOR THE MONTHS OP JANUARY AND APRIL 
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Plate XXXrV 


CURVES REPRESENTING THE DIURNAL VARIATION OF TEMPERATURE GRADIENT (l" PER 
100 GEOGRAPHICAL MILES) BETWEEN FIVE FAIRS OF STATIONS IN THE GANGETIC 
, PLAIN FOR THE MONTHS OF JANUARY AND APRIL. 
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Plate XXXV 


BAY OF BENQAL. DECEMBER 1st. 1694. 
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Plate XXXVI. 


BAV OP BENGAL. C^CS^BER Qnd, 1B84^ 
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X*lnte XXXvll. 


BAY OF BENGAL. DECEMBER Srd 1894. 
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BAY OF BENGAL. DECEMBER 4«\, 
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Plate XXXIX. 


BAV OP BENGAL. DECEMBER 6th. IBM. 
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BAY OF BENGAL. DECEMBER Ttb, JBSA. 
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BAY OF &ENGAL.-DECEMBEt? 9th, 1894. 
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Plate XliV. 


bay op bengau-dksebab^r nth 1394. 
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DAY OF BENGAL<,-DECEMBER 12th, 1804. 
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SAY OF BENGAUt^ECEMSER tsth. 1804. 
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TRACK OF THC STOIMA IH THL OftY OF OrHOAL-^-DCCt-MUCt? Gth TO CCCEMBCR IClh, 1004. 
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Plate Ln. 


WIND DIRECTIONS RECORDED DURING THE STORM IN THE BAY OF BENGAL-DECEMBER 1BB4. 






